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Stromberg Injection Carburetion 
"'^€U4€4^ of fighter efficiency 


«kM«H these United States 
^ be sble to turn out B>29’s fast 
to pour 300-plane attacks on 
t J«p homeland tiiis soon— it was 
production miracle for the in- 
^ly. On page 134, one reason these 
gestlack fleets are a reali^ today is 
(saled for the first— Bdl’s new modi- 
fg^f-an-the-productkm^uie techmque. 
{Ms planes from flight line to fight- 
g faster today ; it can do even more 
morrow. 


■t bsw tast can helicopters be ex- 
to fly is a question asked more 
fisB within the industry than by flie 
T public. On the basis of present 
aewtedge of the science, some engi- 
eera maintain they can hit the 275- 
opfL mark, and so for discussion, we 
resent (page 129) design features and 
Ma on two proposed t3rpes of high 
peed rotary wing craft. 


Ibsefb m five-figure bank account 
mid be most comforting to have 
then starting a fixed base operation, 
t isn't essential. John Abiuso, who's 
ost finished a long haul wifli the Air 
Transport Command, proved it with 
back-to-private-business ven- 
he's converting a barn into a 


A Strom berg Injection Carburetor is standard equipment in 

the fastest and highest climbing fighter m existence for this 
excellent reasons The Stromberg Injection Carisuretor auto- 
matically and instantly compensates for changes an altitude, 
petsition, t^nperature and speed. The gas mixture is alteays 
right for all flying conthtions. And keeping our pilots on top 
is only one of its advantages. It ham notably increased flight 
range m well. This aibility to get more miles from a given 
fud load will naturally make these Bendix-built and designed 
carbairetors vastly importauit to the cargo planes of the future. 


Bendix 


PRODUCTS DIVISION 

ludhc AviatiM CotpfirotiM, Setrth t«ad 20/ hrf* 


dw« 6. Mrs uvWta. bocigmW Ae> 
lihf •yifW/wf bf vary fcw ana, aad 
w •«»p«oiw/ abilHim m HU piM aag 
M betk find aati /utery ubg o>r- 
•Mvf aHk kh ptaaHt a ! irttaa opa r 
panaaca tl aca tka aarltaat duyt af 
part arm wail kaawa. PmHaaHrtr 
w watk in HadmtHaa aparaftaa piva 
atpkf fa fha pradieoi igam ka arm. 
k "Uaaiarlat Tka* Faadarilma 
kT (pap, tot). Tkb HaaakHal ast 
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smart hangar — complete with office, 
stoclcrootn, and attractive clubroom. 
He tells jiut how he’s doing the job on 
page IfiS. 

"Cm e flxad hem epsr t sc make 
money out of a bus line?" William 
Rodda answers that one on page 171 — 
not by theory but by citing actual case 
histories. And he shows how it can 
be done without owning a bus line. . . . 
But getting the customers to the air- 
port isn’t the whole deal; they’ve got 
to want to stay and come back again. 
Since innddy fields, which are not only 
unattractive but sometimes downright 
dangerous, can really drive customers 
away, the article on page 172 gives the 
dope on a new “miracle solution” that 
waterproofs unpaved runways to make 
sticky goo a thing of the past. 

Oar Nylag gga l pnuu* suefUa this 
month is loaded with new planes — per- 
sonal, feederline, and military. In the 
personal field, details and photographs 
of the Johnsm Ro^et 185 are given 
on page 174. Also, first sketch and 
structural data on four Skylark com- 
pany models are presented on page 
176. And in the feederline field, all 
available data on Howard Hughes’ 
new 18-passenger pick-up craft is 
given (page 173). Then in the mili- 
tary field there are new design, main- 
tenance, and operations data on the 



CHAftUS H. HURCAkir, kaad at *ka Dagpa 
Dapartaraal ia Capiaaariag a* Cmrtln- 
Wti^'kf't SI. LaaH ptaal, ka% kad a waalfk 
at y triad atpariaaca poeiad ia*a kit eofsvt 
tlaca pnduaHap Irata HIT la 1927 ead, m 
my amilf bm iatagSaad, ka't tHU pHrr*r barf. 
Cvaa ta. ka't faaad tiata, by bataiap fka 
aiid.'ipkl ail, fa prapara a IhaapfibprayakSap 
aaa!,tii a! pawar dhfrtbaliaa raqairaanah 
far ,-aadara Irampart airaraH la wklek ka 
aa t wart (papa 124} fka paatfiaa: "Why 
Mara Vm Two tapiaat?" 


Douglas A-26 Invader (page 175). 
And tills is a first-hand account — for 
one of A-viation’s staff flew a train- 
ing mission with tiie First Air Force's 
56th Combat Crew Training Wing to 
get tiie story. 






M WrORTMT DEVUOPMENT for fighter pilots is tliis new Kollsman Maximum 
Airspeed Indicator. The broad colored pointer moving over the dial of the indicator gives the pilot 
warning of the airspeed at which the plane will enter the dangerous comprosibilily pattern. This is 
which may be quickly reached in flight maneuvers, particularly at high altitudes, with 
control or destruction of the aircraft. Operating airspeed is indicated by means of the white 
the same dial. The relationship of operating airspeed to the critical speed is, therefore, constantly appai^ 
On the mechanism which actuates the colored pointer, settings are provided for both the maximum 
able Mach Number and the maximum operational speed for the particular design of aircraft being 


KOIASJ^ AIRCRAFT INSTRUMENTS 
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CONTRACTS : W555 AC -29319 • OAWSSi AC - lOAA 
W3S-058AC-2-407 • WS55 AC-2I061 

NORTHROP P-61 ( Black Widow) 

OUTER WING PANELS, ELEVATORS , RUDDERS, 
STABILIZERS AND FINS 
CONTRACT RECEIVED : D£C£AHBe*i /9-« ' 

FIRST PRODUCTION UNIT OEUVEREO: JUN£ /9<S 

SOO~ PRODUCTION UNIT DELIVERED' /9<4 


HOW GOODYEAR AIRCRAFT CORPORATION SERVES TH AIRCRAFT INDUSTRY 






tH»S 




- «iB-TfieAP ",So 


'-‘■■‘•'r^: aaef 


That is why Goodyear equipmeoc is so widely usedosi 
types of plues today — mi licaiy. conuneicial and pfna 
That is why it will pay you to specify Goodyear Mjii 
tires, tubes, wheels and brakes — either tbe tuDt-pnni 
Multiple Disc or the new completely automatic Sio;l 
Disc — together with master cylinder, hydraulic bo 
and connections. 


O N£ of the Mg stones of the war is the tnagnihcent 
work being done by tbe commercial airlines and 
their civilian crews in transporting vital cargoes to the 
four comers of the earth. They have rushed the weapons 
of victory to many a distant battlefield. They are blazing 
new trails for America's postwar supremacy in trans* 
global commercial aviation. 






This all-star combination assures betCer-bsUncK 
mudied units engineered to meet the mosi o{i 
specifications. Our engineers will be glad to asnst p 
in selecting die proper qrpe of Goo^ear tire, tube,^ 
and brake to meet vour service reonicements. IRi 




Goodyear 


proud that a 


big world-ranging transports are equipped with 
Goodyear airplane tires, cub«, wheels and brakes. From 
the ice-covered runways of Greenland to the blistering 
sands of Africa, this famed “landing crew" has proved 
its standout dependability and durability under die most 
difficult emergency condidons. 


Goodyear, Aeroanmia Department, Akron lo. 
or Los Angeles S4, Califoroia. 
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They will Un ... to be the citizens, husbands and 
lathers of the future. Hundreds of thousands of 
American boys, wounded on far-off battle fronts, are 
being restored to health and life because medical 
care, through the swift sure mercy of air transpor- 


tation, is only a few hours away. Douglas workers, 
builders of planes for the airlines yesterday and 
tomorrow, are glad that today their skill can thus 
bring prolonged life to the country’s heroes. This 
is our first obligation until the war is over. 




S iTPMjF.s roust go in! Regularly, and 
on time, precious cargoes of food 
..trslrr — me^cine — ammo, must be 
pi through to the men who fight in 
Sr deep jungles and remote mountain 
Ilf the Far Eastern battlefronts. 
I These widely scattered foraging 
poups do not see their bases for mouths 
,11 time. Their needs are constant — 
aid urgent. But pathless terrain makes 
pound supply too slow, uncertain. 

^ There is only one way in — onequick. 

Here, the .small L-4 ’'grasshoppers”, 
opiipped with Edo floats, are proving 
oat. Lauding on "mud puddles” — in 


Walters commanding, is the unit as- 
signed. Lieutenants J. F. Denhart and 
Robert C Krehviel are the air officers. 

The training area a^u-oximates ac- 
tual conditions overseas. Liaison pilots 
and air crew members make test res- 
cues, perfect new supply and observa- 
tion techniques — learn to anticipate 
almost any combat proUem. 

The road to Tokyo is long — and 
tough. But our far-sighted military 
leaders are making it shorter and 
smoother — and tougher for Japs oniy. 
Contributing in the process are the 
Edo-equipped L-4s . . . little planes do- 
ing a big job. 


remote and inaccessible spots — they 
carry in supplies that formerly had to 

be dropped by land planes . . . make 
"special delivery" — point to point. 

So versatile have these featherwei^t 
seaplanes proved — in supfdy work, in 
rescuing isolated airmen and ground 
filters, in securing informaRon of 
enemy installations — an extensive 
training and development program in 
the use of jeep seaplanes has been in- 
itiated at Fort Bragg. The 33rd Corps 
Artillery. Brigadier General Jerome J. 
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A Job Analysh MOW yifHI hotp yov got B mttmr Toob 
cmd Kodvco CosMf 


• ftattor HmI Treating Results 

• Mere Pieces Between Grinds 

• Less Machine Down Time 

• Lewer Teel Casts 
Lews* Productian Ca«t« 


Even in plants where everyone is satisfied with tool 
and die life, surprising improvements are made 
when the Carpenter Job analysis plan is put to 
work. And the best part of this job analysis is that 
you or one of your men can do it with very little 
extra effort and get — 
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1. Tho Way to MoTch Tool Stool to tho Job . . . 

Suppose you are hunKng for greater tougboesB, more wear resistance or greater 
ba^Bning acaumcy in a tool. With the Carpenter Matched Set Method you eon 
eiiminate Qie guesswork that comes up when you must sdect from dosens ot to^ ste^. 
The nine Carpenter Matched Tool Steels shown on this diagram will solve 90% of 
the problems ihat come up in your lo^ room. 

And here's the best part of diis method of job analysis. With the diogiom and Qie 
Carpenter Matcbed Tool Steel AfanuoJ you con actually predet e rmine tool per- 
iormonce on each The Manual contains an 80-page Tool Index and Sted Sdector 
diat quickly points to Oie best starting place on the diogram when you have a tool to 
make. The Manual is free to tool stem users in the U. S. A., so for your c^>y, just drop 
us a note on your compony letterhead. 

2. How fo Get Botfor Hardoning Rosults ... 

The second step in your analysis oi each is a check-up on beot treating methods. 
For proper heot treatment improves hordeoing results and reduces tooling costs. It 
also protects your tool design and steel selection recommendations. 

The new Carpenter Heat Treating Guide con help you cheek your beat treating 
methods to get more from the tool steel you use. It is a slide chart ^ot quickly gives 
your heat treaters this important information about each Matched Tool Steel: forging 
heot, normolizing heat, annealing treatment, hardening treatment and recommended 
drawing range. It also contains tips on quenching, furnace atmospheres, etc. This 
Guide is free to tool s too l users in the U. S. A., so send for your c<^>y. 

3. And Now to Rodueo Unit Cost* ... 

Check on tool life ond ouq>ut per grind ! Every time o tool setup has to be tom down, 
eve r y time a tool has to be made over, costs shoot up. By using tire Carpenter Matched 
Set Method, following recommended heat treating procedures and keeping a close 
check on the results — you can nip high costs in Qie bud. 

And for personal help with your tool steel job analysis program, ca’l your Carpenter 
representative. He bas the kind ^ engineering experience that con help you answer 
the question: "What are my toblB and dies dmng to production costs?" 


Tho Carpontor Stool Company * 128 W. Born St., Roading, Ponna, 
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Ready, wUltmg and waiting ... 

For nearly two decades we have been recognized by the aviation industry as a 
reliable source of off-the-shelf general suf^dies and equipment . . . Since the war our 
time and talents have been devoted largely to the production of specialty accessories 
of our own design and engineering . . . Only to a restricted degree were we able to 
maintain relationship with our peacetime trade . . . But today, Air Associates four 
strategically located offices and warehouses, efficiently staffed and adequately stocked 
— are again fully prepared to serve the many needs of private and commercial aviation. 
Remember — whenever you require anything in aeronautical supplies or equipment — 
shipped anywhere — for prompt attention and proper prices, call on Air Associates ! 

1 It .,4.SS0CIATES, ihc. 

-rBraRBORO. n. «.r..ma/wcsas7 chicaoo. Dallas, lob angelss .. . 

BNGINEBRS A HANUFACTURBRS OP AIRCRAPT SPBCIALTIBS ... 

SUPPURRS OP ALL TYPES OPMATERIALS TO THE INDIJSTRYSINCE 19*7 
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S ECURE beater In poaidoo. plug it into an elee> 
trical outlet, ran the cxhanet out dirongh the 
tide of the plane. That’s all there is to it. Now 
jour plane has . . . tvrm If it utctsV &rigimmUy 
dtsigntd to asede f r o vUi om for e ho^timg syttomf 

These new Janicrol Portable Aircraft Heaters are 
completely self-contained units, de si gned for use 
ap to 15,000 feet altitude. Each model is equipped 
with its own fuel tank, fuel pomp, air fan and motor, 
and automatic controls- Yon don't have to build 
scoops for cam air on your plaoe, because both 
drculatiag and oombustian air is taken from the 
interior of the plane. With a 40,000 Btn output 
capacity heater, you have at —65* F. outside temper- 
ature, heat equivalent to a ram-operated heater of 
125,000 Btu's, because you don’t have to beat up 
great-volumes of incoming cold sir. This means 
savings in heater size, weight, and fuel consumption. 
And you can have heat oit the ground as well as in 
the air because Janitrol Portable Aircraft Heaters 
operate independently of plane engines. 

TMek of the Possibilities! 

V^hen yon carry passengers you have comfortable 
beat. When you carry cargo yon can remove the 
beater and use iffor other purposes. 


Your engine refuses to start in cold weadicr. You 
lift ont your heater and direct a stream of warmed 
ait around the engine. 

You may operate a helicopter. Six-directional 
motion makes ram ecpiipment unfeasible. With the 
right type and size of Jianitrol Portable Aircraft 
Heater no plaoe modoo nor ram air is needed. 

Above all, your assurance of complete satisfac- 
tion is the fact that these Janitrol Heaters operate 
on the same exclusive whirlitig flame principle 
which has made Janitrol Aircraft Heating Equip- 
ment so outstanding^ successful. 

The development of new methods of heating and- 
their application to many uses is one of the reasons 
why industry looks to Surface Combusdon for 
progress in heating. 

Our . Engineering Staff is ready to discusS the 
appticadon of Janitrol Aircraft Heaters for your 
requirements. For mote informadon on the latest 
Janitrol developments, write Surfoce Combusdon, 
Toledo 1, Ohio. 
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Strong, flexible muscles 


Th«M motor* and powor package** are the "bra%vn" 
that swing* gun turrets^ opens bomb boys, poshlen* cowl 
flaps, and pei' f oi'i u* other flying and fighting functions. 


mv.fok-installation 

■/fOWER PACKAGES" 


They were desigoed by G.E. ia working out en> 
gineered systems for various types of aircraft, and are 
built to provide the highest practicable power/ weight 
ratios. In their wide-range adaptability and combat 
stamina, they are typical components of G-E gun- 
turret and temperature control systems. S imilar ly, their 
exceptional performance characteristics typify the 
components used in still other G-E aircraft systems — 
ignition, d-c power supply, automatic pilot. 

In your design work, there’s a good chance that one 
of these systems already developed by G.E. can be 


adapted to 6t your requirements. If not, we bnieve 
our wide experience with applications of aircraft 
drive, control, and generating equipment will enabk 
us to develop a new system which will fit them exactly. 

At any rate, we'd appreciate an opportunity to tel] 
you about some of the possibilities we see for apfiy. 
ing existing G-E systems — or to discuss the possibil. 
ides of developing something endrely new. 
General Electric Company, Schenectady 5, N, T. 

*G*grz tfrufmtd Md m*nufa(tHrtd kj Pstific GtMT 



(OTOR SIZES 


lo a G-E power package, all the necessary devices 
rebuilt into one compact unit to meet limited sp>ace 
lequitements. Their use relieves the plane designer of 
co-ordinating subassemblies and saves subassembly 
e. As you initiate new designs, ask the nearest G-E 
[fin about sample power packages for test. 


WIDE RANGE OF MOTOR 

G-E 24-volt d-c 
aircraft motors 
available in both 
open and en- 
closed types for 
condnuous or in- 
termittent duty, 
are made in a wide 
range of raungs — 
from 1/50 to 7 hp at speeds of 1750 to 7500 rpm. 

Features include: steel shell for rigid construcdon, 
al um inum end shields for light weight, field windings 
of Formex* magnet wire for resistance to aging and 
overheating. All motors are "run in” under their own 
power, and tested individually for performance. 
•Tr^dfmtrk Kn. VS. Pm. Ot. 
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.AIMED THROUGH ENCLOSURES 

OF DU PONT "LUCITE" 


The De HavUland Mosquito 
bomber is recognized as one of the 
world’s most versatile operational 
aircraft. This wooden plane has 
been singularly successful as a 
fighter and bomber. It is said to 
have a ceiling ot thirty thousand 
feet and a speed in excess of 400 
miles per hour. 

Du Pont“Lucite” methylmeth- 
acrylate resin sheeting is used for 
both cockpit and bomb-aimer’s 


enclosuiee. This crystal - clear 
plastic b«« good shatter resis- 
tance, tensile and flexural strength 
and is unaffected by weathering 
over a wide temperature range. It 
can be bested and formed to 
ccHitours having extreme curves. 

In every far-flung theatre of 
war *‘Lucite”-eDcIoaed bombers 
and fighters are helping hasten 
the day of Victory ... on ships 
like Bell Aircraft’s jet-propell^ 


Airacomet, Consolidated Vultee’i 
B-24 Liberator, North American’* 
P-Sl Mustang, the Martin Man, 
Northrup’s P-61 Black Widcfw 
night fighter and a host of others. 
E. I. du Pont de Nemours & Co- 
(Inc.), Plastics Dept., Arlington, 
New Jersey, or 5801 South Broad- 
way, Los Angeles 3, Calif. In 
Canada : Canadian Industriaa, 

Ltd., Box 10, Montreal 




"I hate stiff-Jegged 
landings*. 
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brmziDg sheet are automatically formed 
and folded so that they slip toother to build 
up the heat exchanger shown below. I>ip 
brazing, an <^>eration retpiiring only a few 
minutes, then joina them 
and the bousing into 
a rigid, gas>tight unit. 

When the dip-brazing 
method of assembly re- 


/NiSi- 


[he original gas-welding method, as- 
sembly time was cut to a mere fraction. 

Many manufacturers have disooeered new 
economies with Alcoa Aluminum brazing 
sheet and the brazing proc e ss. Our engineers 
will gladly help you fit 
both into your products- 
At-tmiNUH Company 
OF Ambkica, 2182 Gulf 
Bldg., Pittsburgh 19, Pa. 
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T be Elastic Slop Nut uses its 
head. It has what it takes to stay 
put in a coupling, no matter liow 
tough the operating conditions. 
Built into the head of every Elastic 
Slop Nut U a locking device — an 

This collar forms itself to the indi- 
vidual boll thread, grips it tight, 
'fhe nut won't loosen up or back 
off under conditions of severe vibra- 
tion. shock or impact. 

When you use Elastic Slop Nats 


yon need no cotter pins, no lock- 
washers or any other anxiliaries 
with their attendant increase in 
assembly and servicing costs. And 
you ran turn them up to the torque 
yon need and be sure they will stay 
there. No backing up or straining 
to find a cotter-pin hole. Tliey can 
he used over and over again yet 
still lock. Vou can use them on any 
standard bolt. 

Here is positive insuran<'e against 
loose nuts which will result in re- 
duced coupling maintenance costs. 


THINO 



Worth its weight 

When drilling for oil . . . America’s black gold . . . occa- 
sional breakdowns are almost inevitable even with 
the finest of equipment operated by experienced men. 
And such breakdowns are costly in time and money. 
That’s why the helicopter, postwar, can be worth 
Its weight and more . . . when used as an emergency 
tarrier to rush urgently needed replacement parts to 
the scene of drilling operations — in minutes instead 

Forth.- prastwar helicopter, used as a cargo carrier, will 
equipped to carry loads compiarable in weight and 
bulk to the capacity of a medium motor truck. And 
it will need neither roads, rails, nor landing facilities. 


in ‘BletcJi 

No matter how rough the terrain or remote the area, 
the helicopter, operated by professional pilots, will 
transport fieight, supplies. p>assengers — even heavy 
machine parts, safely, swiftly, and economically. For 
on the basis of cost per tan-mile to isolated pxiints, 
helicopter transpmrtation is almost unmatchably low. 
At McDonnell, right now, our main job is to make 
planes, parts, and plastics for war . . . all we can as 
fast as we can. But we're working too, on a compre- 
hensive helicopter developmental program ... to offer 
you and your organization, postwar, this sptecialized 
transpiortation service . . . adaptable to almost any 
type of cargo . . . almost anywhere in the world. 




MCDONNELL 

PLANES • PARTS • PLASTICS « S A I NT LOU I S - M EM PHI S • 
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CORP.. WEST HAVEN. CONN. 


GNITION ASSEMBLIES 


tof J)etaii, 


PAYS DIVIDENDS IN 


GREATER SAP 
FIGHTING 
★ 


ETY FOR 
MEN 


Brings Many Machining Advantages 


Ute of teamless stael tubing a* (teek for cylindrical 
port* otture* fine machining qualities. Repealed cold 
drawing and annealing under carefuliy controlled con* 
ditien*, refine* the wall structure to the ehqracteristic* 
required for cold up-selling, punching, turning, thread- 
ing and ether operations. Michigan mechanical tubing 


is furnished to close dimensions with scale free smotll 
surfaces. Frequently finishing operations ore the sniy 
machining required. Lighter than bar slock, tubing eai 
be handled faster and at lower costs. Other advontegn 
ore lower temperature increase, higher permissibl* of 
ling speeds and longer tool life. 


Consuft Michigan ongiiiaars on the suitability of tubing for any mochino part 
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MR. ENGINEER . . . here’s a very special fulcrum seal 


It was custom built for use in a tractor — to seal the 
openiog through which the gear shift lever passes into 
tie transmission case. Its job is to give positive pro- 
tection so that no foreign material can invade the 
transmission. As with all Sirvis products, everything 
sbout it is special : it was specially designed from an 
enpneer’s specifications; special soft, flexible, high ten- 
ale leather was carefully diosen, tanned and treated 
B accordsuace with a Sirvis formula developed by 
Qdeago Rawhide engineers; its manufacture was sub- 
ject to ripd laboratory control; and the finished prod- 
net is the result of 66 years' experience in processing 
hsther to prot e ct and seal vital machine parta. This 
seal delivers uniform aiwl constant protection under 

If mediamcal protection is your problem, why not 
upon Chicago Rawhide’s unparalleled reserve 
^^■peciaUzed enipneering experience? If unusual pre- 
*iteon, resilience, long service or resistance to pressure. 


shock or vibration is demanded in packings, washers, 
gaskets, couplings or valve <tiscs . . . Chicago Rawhide 
research can develop the p rop er ti es you require, aitd 
careful prroduction control can assure the most exact 
p roce ss ing. For precision per f or m ance in protective 
coverings and seals, specify Krvis mechanical leather. 

sJirJs 

MfCHANfCAl LfAmCK 
A Aadwil of 

CHICAGO RAWHIDE MAHUFACTURIHG CO. 

1305 Elslan Avanua Chicaga 22, IHinais 
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WALK'. 

PROV 

A BALANCED PRODUCTION LINI 
FOR FAIRCHILD CAMERAS 


The ravages of high temperature and 
corrosion are barred from your'ptbd- 
ucts when you build with stainless 
steel — and when you specify Superior 
Stainless STRIP Steel, every produc- 
tion advantage is realized. The exact 
reguired physical characteristics and 
dimensions for your needs join with 
any desired coil lengths to simplify 
your fabrication problems. Let us 
detail the Superior leasonsl 
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Stop Wear, Rust and Corrosion with 




L idant, there are buadreda, 
perhapa tSouaanda, of ^rtnit 
lubricated ball b earinga like 
tbe ooe ahown at the ri^it. 


Aa you Imow, their eflkimt 
ofientica dependa btfgely upon 
a greaae that ooBtinuoualy eov> 
era the highly poliriwid aarfacea 
for 


protee ti op agaiBBt wear, mat 
and corroaion. At the aame 
time, this lubrieaBt must aeal out 
ir^uritiea, Icaloige, make 

frequent re-paddnga unneceaaary. 


Todaqr. in thouaanda of IT. S. plants. 
Gargoyle Oreaaea BRB, are providing this 
masimuxn p ro t e cti on- They am outstaz>d- 
ing for their stable atmeture and their resist- 
ance to oaidatiop and separation over long 
p erio ds in service. 


Get Gargoyle Greas es BRB, and be sure 
your ball be a r in gs have the beat body-guarda 
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PACIFIC WESTERN 


/f/iaaacrs 


Sound angineering on machonicel power tranunission problems it a 
service Pacific-Western hot been providing the aviation industry 
:e the beginning. Fifty-three technically trained specialists ore at 
your service for designing Special applications for spaed reducer 
units and actuators for operation of wing flops, landing gear, trim 
tabs, oil cooler flops and other moving members of an airplone. Use 
this Engineering Department for all your actuator problems. They 
eon save you time and money. Write or phone our nearest plant for 
vice. No obligation. 
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“ WORLD TRADE is The Road to World Peace' 

says JACK FRYE, President, Trmacondnental & Western Air, Inc. 


tranqtort one of the sotauiest iupporta of teoHd peace. 

"And the only requisite for developing such world- 
wide commerce u freedom for the iniematumai airline to 
seek out its own most fruitful level of usefulness and service 
— freedom for the airline to earn its ux^ by its own full 
contribution to world ben^t, unhampered by monopoly 
and unpampered by subsidy. It is an opportunity which 
must not be neglected. It may not soon come again." 

pect« for plooro obcI tar air O'aiisportAtkia). Hnndrads of Ibouarnd* 
of Tnrr rn«ilin£ oseeutiveo now oto dw airwiiy* to Bj tbonadvea 
Aod thcfr produeCa. Wberevar tbe^ Bj. Tim flira too. Look 
arooiid 70a the next tamo you are travefiog by plane end aee for 
yooneif bow many of your feHow trarelen are reading copaea of 
Tin*. The beat idace to talk to theae people ia in Tuan — for they 


the time to plan the world air system of to- 
0 so it wiUwork constantly for world peace and 
[raw. For air commerce 6rtn^ the markets of all the 
Id within reach of every nation and makes it advanta- 
every land to remain an good terms with every 
all will buy fmm all and sell to all the others, 
luse it is poor business for a nation to go to war 
best customers, we will have in international air 



BERRYLOID 

AIRCRAFT FINISHES 


An Economical 
Rofinialiina ST>*om 
for Sorplus Planoa 


Borylowl Fabric Rejuvenater ptovid ea die ideal 
material for refinisfait^ camouflaged militaty planes* 
It soft ens and plaatidzea old d<^ie through »> die 
Cdiric, cestoccs tautness, and provid es a perfe iU base 
coat for Bcnjdoid Pi^nentcd Dope, available in 27 
popular colors. 

die ftbric is still serviceable, Bertylotd Fabric 


VamisheO'Enmnels ■ Le^u 

Leading Producers of Ayiation Finishing Materials 
in War and Peace, for over 30 Years 

TY • ONCINNAT1 • OOCAGO • ST. LOUIS • INCLSWOOO. CAUP. . MOmSBAlJ* WINNIPBG • TOaOttlO 


Used widi Betryloid 405 Dope sod 

Benyk^ P^tnented Dope, new material pcp 
vides a fast, hi^iljr satisfiKtocy 

system for used planes. 


Ask any Air A s s ociate s office oc writ e os dhect 
for Icee bulletin. 


IN RADIO COMMUNICATIONS, IT'S . . 
ffTnilitT. Ittwa: It W. asfia SL. Nmr Yolti M. SLY. 
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Tes Sirt To per for m me him best, may golfer aeeds a Kt of 
clobm . . ■ not }iut one. Because each club >»»« a 
pitch . . . meets the bail at a difietent angle ... so the golh 
can vary his clubs to meet varying conditioos and shoot 
whale of a lot better game. 

Likewise, to perf orm at its best, any airplane needs 
propeller that varies its pitch . . . varies the angle at which 
it meets the air ... so it can deliver peak efficiency under 
varying condidoes of flight. And that's why you'll want 
an Aeromadct It't tb€ snd tnly fnftlltr varus its own 
pitth . . . mt v m i irie mUy . . . witbamt tnstmmmts *r eonsrolt- 

In terms of perfcmnance for your post w ar plane, Aero- 
maric means one-fourth shorter takeoff rains . . . one-third 
higher rate of climb . . . cruising faster and farther at 
most htvocahle altitude . . . all with minimum fuel con- 
sumpdon and engine wear. And it means long glides for 
haj^ 
for a 


Scott St., Balrimore 3. Md. We'll be glad to hear from you. 


TMs 

rou 



Swffofin 27 
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AMERICAN STEEL & WIRE COMPANY 

CI***Um4. CkUif. Nrm Ytk 

COLUMBIA STEEL COMPANY 


LXITED STATES STEEL 


to inture safety and longer service, 
complete instructions for cable splicing, 
with every step Nearly pictured. Lists the 
common causes of cable failure and tells 
how to avoid or minimize them. Describes 
the proper pulleys and correct dimensions 

complete cables of comparative strengths 

This comprehensive guide to proper 
cable selection and application deserves 
a place in your reference files. Write us on 
your company letterhead. 



W ITH THE Sperry Gyrosyn Compass 
you can do Just (hatl It givM dead- 
beat indicrations . . . accurate magnetic 
headings ... is without oortherly turning 
0Tor, oscillation or swinging. And it 
does net rajuire resetting. 


This flight and navigation instrument 
is a Directional Cyrv synclironized with 
the eartJi's magnetic field, providing 
stable indication under all conditions 
of air turbulence. Write our Aeronau- 
tical Department for informadon. 
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Magnesium 
weight-saving . . . 


weight-saving 
ns arouird *hi« 
lightest oi the lightweight metals. When you 
seek to improve pe rform ance by cutting out 
useless weight, Maslo Magnesium Products give 
you strong, dependable products. 

In Maslo extruded shapes, like these shown 
here, metal is placed exactly where required 


for strength and utility. 
Therefore, the uae ol 
-such shapes reduces 
weight even further and 
lowers the cost oi structural assemblies. 

Whether your design calls for magnesium 
castings, forgings, shapes or s hoo t, you'll get 
dependability by calling on Americas 
these products. Aluminum 
Company oi America, Sales Agent for American 
Magnesium products, 1713 Gulf Building, 
Pittsburgh 19, Pennsylvania. 


*IUTI0N, AiwU. 19*5 



...well help tow Joe to %ojo 


AUTO-LITE 


WIRE-^CABLE 


I aOVS" STAKKINO DICK HAVMCS — fVEIV TUESDAY NIGHT — NEC METWOtl 
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trical thermom«ter», radio compass indi- 
cators, tuning meters, ammeters, volt- 
meters, landing indicators and shunts, 

Noted ftw high precision and fine accuracy. 
HICKOK instruments, made for more 
than a third of a century, have always 
been held in highest esteem. 


THE HICirOK ELECTRICAL INSTRUMENT CO. 


HS2S NUrONT AVENVI • CLEVELAN* OHIO 


[, April. 




aw^ when Its bBtteriea are ai. 
haurted. <7^aua Mmi^aebaing Ce- 
ChariedowH, Mat*. 

(Hrtaironk CONE br 

The dectran nuoo>«zialyaer n- 
porta on the atomic eompoatico <4 
partidea too amaQ to be aeea by 
microecopea. By ita uae the p<wt of a 
common pin ean be made to-lo^M 
vaat and rough aa a mounUun raaga 
Optical SocUtp of Amthet^ 

(•I tM«> -Ilk C 0 N E (w 

In war planes the present type of 
engine is twice as effi^nt aa jet 
piumon at ISO miles per bmir; the 
two are equal at 300 miles; and at 
550, jet propulsion is twice as efr 
eient. BMPIC No. 7. 

CONE rw i...rr.« 

Steam busses, now bang designed, 
appear to have many advantages, 
including smooth operation, no id- 
ling^ no fumes, low operating co^ 
braking, and longer f ir w f 
between overiiauls. fraittpoha. 
bon. 


New ideas in highway busses in* 
dode : separate engines for each driv- 
wheel, hydraulic transmission, 
biereased use of ahuninum, SO pas- 
senger capacity, two decls, wWer 
teeads and — — pow er . B w ss aew 
ITssfc 

•>l^<b*Uk CONE br t.a.rr.w 


l«l r«*S»*<lk CONE br ••..rr.. 

About 10% vnO be added to the 
OOuntry*s cold storam capacity if 
plans to use a 12 milUon cubic foot 
limes tone mine for that purpose ate 
successful. Food Induttrioa. 

M> "Ilk CONE r«r t.a.rr.w 

"Molecular distillation" is now out 
of the laborstory-st^ snd iHmnises 
to do such incredible joW as to 
aeparate tWih oil from its smell. 
MeOrato-HiU Ottrteat Digett. 

(ti «Mk CONE tw t*B.rriw 

A hardware wholesaler carrying 
50,000 items plans to set up a chain 
of "cafeteria st^" hardware stores 
after the war. George Worihir»ifion 
Co., Clesdand. 

(«> rr.<y »lik CONE tmc 

Claims for the new home heater 
developed by the 'Bituminous Coal 
Institute inchide: one-third redu^ 
tion in fuel use, 50 hours of beat in 
one etoldng, cost under $100. To 
parallel this development. Anthra- 
cite Industries Inc. has a furnace 
2x3x3 feet that wei^is only 75 
r<Mii>Ha. It consists of a tube with 
the coal enterh^ at one end and 
ashes forc^ out at the other. Coal 
Age. 

C«lTM<lrwllk CONE br l•■•rr•w 

A new surpcal lamp projects a 
eons (tf ultraviolet radiation , through 
which germs cannot pass, around we 
wound. Baaoter Chemieal dk M/g. Co. 


Haitw^’a new,scainless steel,flush door latch eliminaces 
the slow, tedious removal and replacement ofinspecdon 
and ««•«•»*” doors. Because of its £tst action, it can save as 
much as 30 minutes in the inspection of a single plane. 
Its flush installation and positive lock give it a multi- 
plidtf of uses. 

In addidon to inspection and access doors, aircraft manu- 
facturers are specifying the Hartwell flush latch on radio 
panels, baggage compartment doors,emergencyexit door 
places, galley cabinet doors, magazine racks, upper berths. 
The Hartwell latch presents a smooth, flush surface; 
eliminates projecung knobs; lets you get into narrower 
spaces. It can be used on doors of varying sizes, shapes 
and material, and with or without a flush hinge. Simple 
in design, it is inexpensive to produce, and can be sup* 
plied unmounted oi spocweld^ to an insialladon place. 


Hlii $f Stailliss StnL Redesigned for greater 
sneogth, the new Hartwell flush door latch. 
H-4600, is now being made of stainless steel. 
It is intetchangeable with the initial Hartwell 
latch, H-4525. Weighs % oz.' 


I source for 779 dHfermni aii 
produellon ports and took 


iMHl-IIcbM. FM IMp. Hartwell's new flush 
door hinge, made of stainless steel or Ducal, 
is a companion piece to the flush latch. A cen* 
ter leaf, operating on twin hit^pins, provides 
a flush, spUsh-proof 5c. Spring-loading con- 
trob tbe d^ree of aavd. Standard sices: 1% 
and 3^ in. Odwt sizes made to otdaa. — k 


ATIATIOir, Apall. INS 


STtATIOM. AprU. 1»4S 


ai 
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10 KW RADIO-FRfQUENCY GENERATOR 


The job ia to harden only the teeth of hand back saw Uadea 
— with 6 blades completed every 10 seconds, or 36 blades 
per minute. 

The amazing speed . . . accuracy . . . uniformiQr, all come 
with radio -frequency heating at 8500 Btu’s per square inch 
per minute. Compare this with the old method, at 5 Btu’s per 
square inch per minute. 

Similar hi{^ speeds are possible in every metal beating job- 
annealing, hardening, brazing, nntering, forging and soldering. 
And the beating is so nmple that it’s a “push button” job for 




Another great advantage comes wiA Westinghouse design . . . 
a single shielded cabinet contains getxerating equipment and 
controls, easy to install and maintain . . . requiring a minimum 


MILLIONTHS OF AN INCH FOR SALE BY V I N C O 





Westinghouse Radio - Frequency Generators tor induction or 
dielectric heating are available in tight different 'standard tizea 
up to 200 lew, with a range of frequencies for all but the most 
I unusual needs. 'For added infOTmation, write Tor Descriptive 
I Data 8S-800. Or, for aid on any specific applicatiosk, ask s 
I Weatinghouae engineer to call. Write Westinghouar Blecbric & 
I Manufacturing Co., P.O. Box 868, Pittaburgh 30, Pa. j-ssssa 
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MRCR^^^ INSTRUmtNTS 
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„„d oieif"®" 

Icmpeiolute- ° 
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llecttic 9,i05C»P«” 
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Uquid-level-iadifating Equipment . 


B ECAUSS the fuel tanks of the different typM of aircraft 
vary widely in sixe, shape, number, and location, the fUel- 
level instruments which operate successfully in one type of plane 
ore seldom usable in another. This applies especially to the 
transnutters. General Electric has, therefore, designed and built 
several hundred different types of transmitters to meet these 
specific requirements. 

When our facilities are no Jonger needed for war, we will 
continue to build many designs of mrcraft instruments to meet 
your specific needs. 

For help in the selection and application of O-E liquid-level- 
indicating equipment, write for Booklet CBT-1066. For an 
explanation of the theory of operation of the various systems 
and detailed descriptions, arrite for Booklet GET-1185. General 
Electric Company, Schenectady 5, S. Y. 


e SOMOS YOU CAN— AND A 
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111,. RUST 
UJniZ. PRSNSNTl^ES 


Sets iVew Standards for DEPENDABILITY and TWIN-ENGINE 


VlMviu 

^ot MTctaf\ Par\s 


Passed the toughest tests erer given a Transport P^«‘ 


I'nder the hardest of pounding in this and the other 
theaters of war, Curtiss Commandos have piled up in- 
valuable flight and operating experience which Curtiss 
engineers have used to full advantage in developing 
the Commando to its present high stage of perfection. 
WTten the Commando again "dons its civvies” as the 
world's laigest and fastest twin-engine, luxury transport, 
airlines will be offered a thoroughly proven airplane 


Marines flew their first fleet of Commantlos from San 
Diego to Honolulu in 13 hours . . . 2,660 miles non- 
stop across unbroken waters. And, each Commando 
flew at a gross weight of 50,000 lbs. In such gruelling 
ojierations as Miilway, the Gilbert Islanils, Tarawa and 
Sai|>an. Curtiss Commandos sped vital cargoes of troops 
and supplies — evacuated the wounded. Yet, in fifteen 
months, the Marines never lost a single Commando. 


vurtiss 


A complete line of rust and corrosion preventive compounds 
for the protection of internal and external surfaces is manu- 
factured by R. M. Hollingsbead, a major supplier for Army 
and Navy Aircraft. 

Applied to plane parts and weapons by spraying, swab- 
bing, or dipping— depending on type— this ‘Hiquid pack- 
aging” eliminates the risk of rust and corrosion from factory 
to battle-line ... is easily, quickly removed— i/ removal is 
required. 

Your inquiries about these Whiz protective compounds 
—which meet rigid Government specifications— will receive 
prompt attention. Our engineers are ready to work with 
your engineers in designing special chemical products to 
meet your particular needs. R. M. HoUingsh^ad Corpora- 
tion, Camden, New Jersey; Toronto, Canada 

Also makers of Whiz Hydraulic Fluids, 
Compounded Lubricants, Lubricating Oils, 

Paint Stripper, Carburetor Cleaner, and 
Cleaning Compounds for Aircraft. 


whose o{>eratiiig ei'onom)' c-aniiot be 
and medium range flights that a<-eount for 
of all domestic air travel. 


Combining twin-engine economy with a sealing < 
ity of 36-42 jKissengers anri 526 cubic feel of 
space, the Commando should earn the airline < 
a maximum net ]>rofit from the anticipated 
increase in both |Kissenger an<l cargo business. 
Wright Corporation. Airjdaiie Division, St. Dmis. 


I^ORl'S -Jc^OME 

jirnlrrls the irrar zonr 



Tbe greatest wear in rHeael and gasoline engines is 
on the cylinder waUs in the zone traveled by the 
pistMi and rings. Corrosion from the products of 
combustion, and beat, and abrasion, and the 
difficulty of adequate lubrication all contribute to 
the rapid wearing of the eyUnder walL 

These contributors to abort life in cylinder bores 
cannot be eliminated, but their results can . . . by 
the application of Ponus-KnoMB. 

Pokus-Kbomb is bard, pure chromium which 
is applied to cylinder bores by the pwtented 
Yan der Horst process. It has tiny pores and 


channels in its surface which serve as reservoirs 
for lubricating oil, feeding it back to the surface 
as n ee ded. It reduces corrosion and wear and 
multiplies cylinder life 4 to 20 times, and ring 
life 3 to 4 times. 

Experience in actual use confirms test run and 
engineering laboratory results. Wherever con- 
tinuous, bard service is required of an engine, 
PoRUS-KitoafB assures greater engine reliability 
and lower maintenance costs. 

Write today for the cx»mplete story of PoBUS- 
Kui'mg snd what it will do for your ew g iiw. 




VAN DEr HORST CORPORATION OF AMERICA 



n 
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firsc com|>lete line of equipment for 3000 
PSl hydreulic systems. 



hydraulic eoolPMEMT 


btures that Pacific Division's creative engineering 
hu developed over the past seven years in building 
quipmenc chat has made this company headquarters 
Ibr hydraulics. 


Valve, 10" Accumulator, 1/2" T. S. 4-Way Selector 
Valve and Relief Valve. 

Write today for file folder containing complete 
data on these 3000 PSI units and which is available 



la addition to the equipment illustrated, these 
1000 PSI units shortly will be available: Sequence 


to airframe engineering personnel. Pacific Division, 
Bendix Aviation Corporation. 11620 Sherman Way, 
North Hollywood, California. 
Sales Engineering Offices in 
New York City and Louis. 
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DESIGNERS WELCOME 
ALUMINUM BRAZING 

Before discovery of the way to braze thin aluminum 
tubes intimately to aluminum header plates and shells, 
ilwipam of heat transfer units were lijnited to use of 
eoppa in conventional shapes unices they rmnforced 
tbs structurally-weak copper, 'niat's because soft solder 
imd with copper — even at ita beet relatively low in 
to temperature, preaeuie, vibration and shear 
^ can’t stand the uneven streeeee resulting from de- 
parture from conventional shapes. 

NOW DESIGNERS HAVE NEW SCOPE 
CliSerd's discovery of aluminum braang givee de- 
signers greater scope in planning the shape of beat 
transfer equipment. That’s because: 

L All-ehuninum units save H the weight of copper 
in the size and shape. 

i. Heat-treatable aluminum alloy tubes stand up 
under temperatures which gradually anneal and 
weaken copper. 

3. Aluminum alloy braong material is several times 
higher in reeistance to temperature, preasure and 
strains than soft solder. 

So it’s easy to see why USAAF dew i gner s gave several 
dtspee of Clifford Feather-Weight Oil Coolers and 
Coolant Radiatcn a ohanro to make good in several 
types of aircraft. 

LOOKING AHEAD 

Ri^t now Clifford's production is devoted exchiaivaly 
to war work; but inquiries and suggestions about post- 
war automotive, heating, cooling and ventilating ap>- 
pEcations of all-aluminum beat-transfer units will be 
wHcomed. Clifford Feather-Weight . . . Soee % the weight 
■ . . tame size and shape. Clifford Manufacturing Co., 
S61E. First St., Boston 27, Mass. 


IN HYDRAULICALLY-FORMED BELLOWS 
alloys ore diosen with core 

Pure "wtala and many alloys are unsatisfactory for 
bellows beicauee they lack the necessary ^oing p to p w- 
ties wheal cold-worl^. 

A hydraulically-formed bellows — i>y fortsng a 

cold tube buLw€«iiu tfae plates of a ooUapoble metal die 
by internal hydraulic prnsm,iTc — requires a metal of 
good deep-drawing pn^ertaea and reasonable reaistanoe 
to corroaon. 

•D.aO BRASS IS BEST 

A brass consisting of 80% ooppw and 20% zinc is the 
best aUoy because it has ezeeUent d ee p-drawing prop- 
erties, is not readily 'Subject to "season cracking”« 
reoaves required spoing-setion from cold-wor k mg. 

PHOSPHOR BRONZE ALSO GOOD 
Next in importance is phosphor bronze containing es- 
sentially 96% copper and 6% tin. It has properties 
nmilar to team and is more reeistant to carroeion. 
Being hitter in coat, it is restricted to specialized cases. 

SPECIAL ALLOYS AVAILABLE 
Whwe lesistaDoe to corronon is more important thjin 

alloys have been successfully used for bellows in hot 
water systems and hi^ pressure steam devices. 

CLIFFORD HAS AIL THE FACTS 
Clifford, first to produce hydraulically-formed bellows 
for induatiy, has kept abreast of progress in metals 
. . . and is therefore equipped to supply you with these 
uniform, preteet^ bellows in all practical alloys . . . 
either alene or in hi^ily engineered aasembliee. For 
proof that Clifited is First with the Facts on Hydmuli- 
caUy-Formed Bellows, write: Clifited Manufacturing Co., 
661 E. FirA St., Boetan 27, Maas. 


COOLERS AND COOLANT RADIATORS 


CLIFFORDS 


OIL 

HYDRAULICALLY-FORMED BELLOWS 


M 
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o„ THE DKAPTING BOART^ of America’s aircraft 

engineers are tomorrow's airplanes — planes that will bring New Yoric 

City a little more than an hour away from Chicago — London five brief 
hours from New York. One of the advances that make these high 
speeds possible is the development of jet propolaion engines. 

Still experimental in many phases, jet propulsion engines are today 
powering fighting ships on the European front. These engines offered 
many technical problems to designers, not the least of which was the 
gears. Because of the exacting demands of precision, light weight and 
high speed, it was natural for builders to look to Foote Bros, for the 
solution of this tough problem in gear design and production. 

The jet propulsion engine is another example of how " A-Q” gears 
can aid technological development. These gears may well offer a suc- 
cessful solution to production problems you face on machines and 
equipment which you are fflanu&cturiog or planning to manufacture. 
Foote Bros.’ engineers will gladly discuss with yon the problem of 
producing gears to assure you greater mechanical efficiency, lighter 
weight, higher speed, greater quietness. 

FOOTE BROS. GEAR AND MACHINE CORPORATION 
Dept. G, 5225 S. Western Blvd. • Chicago 9, Illinois 

^QDTE^mCoS. 


The mEX T tike you climb into your car, con- 
sider the punishment the steering wheel takes 
. . . fiequently exposed to damp weather and 
changea In temperature. Ihke a good look at it. 

If it's molded oi Lutnarilh E.C. (ethyl eellu- 
loee base) you can be proud of its appearance. 
Hot a aign of warping or shrinking— no splits 
—still true as a die. Surface, perfect . . . feel. 

Particularly on steering wheels and other 
large inaert moldinga. Lumarith E.C. delivera 
outataodiag proof of the value of ita alight extra 
ceet. Dasigu engineer s highly rate the advan- 
lagee of diis advanced Lumarilb plastic. 

l^^uct strength atn- 


Wright, lower specific gravity . . . ideal for 
molding over metal, elongatien capacity more 
than adequate to accommodate different et^an- 
aion coeffiriaiita between plastic and metal 
cores. Unlimited colorability and permanent 
surface finish. 

Lumarith E.C. is only one oi the Lumarith 
family of plastics that brackets the thermo- 
plastic group. Call upon our technical serv i ce 
and wide range of experience in shaping your 
plana for the future, where plsstica are con- 
cemed. Celaneee Plastics Corporation, a divi- 
rion oi Celanese Corpoiatien of America. 180 
Madison Avenue, New Ifork 16, N. Y. 




‘'lATION, AprU, 1945 


79 


AVIATION. April. 1M» 




for Jet PROPU 


Stabl-Vis Rotameter will measure liquid fuels 
ependently of viscosity and density changes! 


LESS 

TO WORRY 
ABOUT 


t it, that expanse of ii 


FORMIDABLE ARRAY. 

strucnents and controls? 

To the layman, yes. But today's expeneiM^ pilot 
long ago teamed to take things like this in his stride. 
He knows flying, of course. In addition, he knows his 
plane thoroughly, knows how to take advantage of 
controls such as the one shown in the insert above. 

This instrument, a compound Fulton Sylphon Con- 
trol Device, frees him from oil line worries. It protects 
the oil cooler from hi^ pressures which cold-congealed 
oil might build up at the start. And, as the engine revs 
up to full power, it holds circulating oil temperatures 


within narrow pre-determined limits, thus assuring proper 
viscod^, fill] power and correct lubrication. 

For nearly half a century. Fulton Sylphon Controls 
have been dmng jobs like this.. .p e rforming tasks aulo- 
imiieally far better than can be done manually. 

Write today for compete hifonnatioii. Ask for Bulletin 
OA«22. It belong in your reference files for post-war 
plans. 

New Movie— “The Story of Metal Bel- 
lows" is available to interested executives 
and organizations everywhere. 


FULTON fli 

^ SYLPHON 1 


1 
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ALUMINUM ALLOY CASTIN6S 


CP HYDRAULIC POWER MACHINE 


h DEVELOPING preMores np to 100 or more 
mJ tone, CP Bydnnille Power Mac:hiae • • . 
compiising a eelf-contained generating plant 
and a CP Work Unit • . • speed* output and eats 
costs in all types of high speed preddetien 
riveting* piercing* pressing and pulling. 

The self-contained CP Power Unit ... with 
an electric motor-driven duplex hydraulic 
pump ... will handle two* three or four CP 
Work Units operated one at a time. Or* the 


CP Power Unit will handle any number of 
CP Work Units operating simnltaneonsly, up 
to tbe.eapacity of the hydranlie power unit. 

Cylinders available in different sices and 
capacities can be equipped with a wide variety 
of yokes. CP Work Units ore light and compact 
for press ores developed. Snspended by a CP 
Super Safety Balancer and a swivel b^* CP 
Work Unitsoperateat any angle. Write forcom* 
plete data on CP Hydranlie Power Machine. 


I********* 

n MIUMgTIC TOOkS 
IkfCIIIC TOOk* 


Chicago Pnec/ /viatic 

T O O L C ^ . 


*********1 
*'■ COMSMsson, 
vdcwua, pt,mp% 

I s«.*'.***‘ •'•*•«» I 

L****”*» Afcittoaiii J 


*'^UTI0N, April, 19« 


.VIATIOX, April, 1»*5 






ELECTRICAL 


workmen have maintained quality in pace with 

progreeeive demands. 

One reason for this maintenance of quality ia 
constant testing such as the tensile test illustrated 

wherein tube sections are ruptured under ten* 

sion to make sure OSTUCO seamless meets 
specifications of yield strength, elongation and 
ultimate tensile strength. 


Regardless of the type of plane, you'll find 
OSTUCO seamless steel tubing lending its sup- 
port in one or more ways . . . fuselage, torque, 
hydraulic system, trues assembly, rudder con* 
Itols or other applications. Though specifications 
have constantly changed, and requirements have 
increased in significance with the essential bust* 
DM at hand — OSTUCO experience and expert 


Ihiw, dien, can you be sure the conneciioBs you in your product 

the answer here in Bumdy's torture chamber where connectors are 'pre- 
tested' thtoMgh a rigorous physical 'workout*. 

Hour after hour, they are vibrated at varying frequencies and ampli- 
tude. But in addition, very unusual methods are employed to add 
stress and twist as welL After which their electrical lesistance and streogch 
are carefully measured to make sure there has been no change ... that diey 
are wunhy of die Bumdy name. 

These 'physicals’ are but pair of the tbocough test procedure here in the 
Bumdy labotatories ... all to assure that your circuits or equip- 

neor suffer no connection nouUes in service^ If yon-doo’c have the Bomly 


Ploftf and Mein Office • SHELBY, OHIO 
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THE BELL HELICOPTER 

^ te*u tiinU 


new BM Aircraft helicopters. 

One reason is that the heUcopter provides 
a hind of fight itw have always sought, 
tn a helicopter, you can go straight up 
and down, you can hover, you can go 
sidesuays or backwards. All these things, 
impossible m a conventional airplane, 
can be done in a helicopter with safely 
and precision control. 

And that accounts for the questions . . . 


Does that PROOpf 

roqutro a fractional horEope.Wor 

Special Apphcatjon MOTDi? 








CERAMICS SPARK ANOTHER RECORD-BREAKER 

TRANSCONTINENTAL RECORD BROKEN AGAIN 
JANUARY 9 BY ARMY’S BOEING- BUILT C-97, 
WRIGHT- POWERED, AC -EQUIPPED 


the second time in nine months, AC 
Ceramic Spark Plugs fired the powerful 
Wright engines in great transport planes 
chat shattered all transcontinental records. 
The latest record was that of the Army 
Boeing-built C-97, January 9, 1945 . 

AC Ceramic Spark Plugs were pioneered and 
built exclusively by AC for the Liberty 
engines of World War I. They also shared 
in the epochal flights of Lindbergh, Maitland, 
Acosta and Byrd. Now, backed by 36 years 
how,*’ they are not only breaking 
records at home, but are serving in bombing 
and fighting planes on every front. 


dimctioii 

meet QMciiic requirements os in the AN-P 
Formica molded pulleys are ground to equal rim e 
hub thickness. 


hi short, the molded pulley is Jighter, stronger and 


Fennica's experience in producing molded puUrP 
began with the first use of these pulleys and bos be« 
continuous ever since. It probably exc e ed s that od 
any other producer. 

ne r eaetCA tntuumoti ce.. Mas swmn b #rov« ave., emci*m»n A t 


Capocify is new available 
fer fhe prempi preduciien 

of melded pulleys in quen- 

Mfy. Send yewr blue prints 
ler qvelotlens. 
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LAWSON MACHINE 


fj 


TOOL COMPANY 
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WITH 


FEDERAL 

THE FEDERAL LINE IS COMPREHENSIVE AND COM- 
PLETE ... IT INCLUDES HIGHLY PRECISION AND 
OTHER TYPES OF FINE BALL BEARINGS FAMOUS 
FOR QUALITY, STRENGTH AND ENDURANCE. 


It can be said tiiat precision macliioinB is one of America’s 
niSst potent “secret weapons’* in this war we prophesy it 
will accelerate post-war progress when the craftsmen of 
. Lawson’s can help you in precision manufacture. 


^SYMBOL OP PRECISION 


In early days many great men looked 
to the skillful fingers of their women- 
folk for the eston finc^ fvetnre' of 'their 
cloth. Today. pragres«F*B' manufac- 
turers look to Lawson for the precisto^'mhcJhlriiog that insures 
quality performance. 




If YOUR production needs include 

★ WIRING HARNESSES Dr CABLE ASSEMBLIES 

★ BONDING JUMPERS ★ CABLE or TERMINALS 
-•youm find WHITAKER a dependable sourct 


Juat as the Water Buffalo is accomplishing gxeat 
things on land and sea, so axe Whitaker Harnesses 

and Cable Assemblies Investigate, and TOU, 

TOO, will find Whitaker is a depend* 
able source. 

We have ample production facilities, a 
quarter of a century of experience, 
skilled personnel — and are able to satis- 


factorily produce even the most ^acting wiri» 
so economicaUy that we not only save T> 
time and griei but SAVE YOU MONEY. 

In addition to sm engineered wiriw 
service, Whitaker also offers a qiialit 
line of standard cable products . 
cordially Invite you to write and sdvii 
us of your needs. 


WHITAKER CABLE-CORPORATION 


you're csrryiog ihc world's 
greatest bomb load higher, faster and 
farther than any other plane in eaist- 
eoce, you want the 4SO puUeya your 
control cables ride on to function 
smoothly, efficiently, and reliably. 

That's why, aboard Boeing's great 
B-29 Superfortress, eacdi control pulley 
turns on a Torringtoo PN type anti- 
friction Needle Bearing. Torrington 
Needle Beerings are utiUzed because 
they more than meet all the require- 
ments for lightness, compactness, high 
load capacity, stability, ease of anti-fric- 


lion operation — and alt-out reUabHily. 

Detailed data on this aftd ocher ap- 
plications of Torrington Needle Bear- 
ings is available for your engineering 
files. You'll find it helpful in solving 
many a problem of friction elimination 
that comes to your drawing board. 
Send for your copy today. 

THI TORRINGTON COMPANY 

TOMM4GTON. CONN. • SOUTM Jl. 


TORRINGTON NEEOLE BEARINGS 


Harnesses for Water Buffalos 


450 Control Pulleys 
on B-29 Superfortress 
Ride on Needle Bearings 


April, 




•dnieiM iniulated cable— eabto tbat is 
mrJA ii¥u<«T atfidavil d exacting tests and 
iiii|iai llnnn "Amplianol" on low-loss con* 
necton means tbe tninimum oi£ loss in 
tight ftttiiig, secure VifJHiing eonnectlona. 
On both it means transmission equipment 
that will do its part toward providing the 
dearest possible toansmission and recep- 
tion oi even under ad- 

verse conditions. 


has ended with recent radio develop- 
ments which overcome the trying oondi- 
tions oi air and sea transportation. This 
means rising above all oonatHons oi inter- 
ference. Among the things that have made 
poedble is Ampheira Client frans- 
ftti mMiaa ega/pmeetthatwillcarxyttkebigh 
irsouencies without appcedablp loss. 

‘nie “Angshenol" on high fre- 

quency eaUes means the best of poly- 



adequate strsagih, and really timfh installarion— 
makes the Rivnot a practical solution to many 
tough attachment problems. 

Rivnuts are headed with an easily operated hand 
tool. As shown, a ring-type bulge forms on the 
blind aide. This bulge (or upset) is large enough 
to resist being pulled through the worit. even 
under contlitions of eccentric load. 

Other advantages arc the small bole required, 
the uaoausily wide bearing surface, the fam that 
Rivnuts can be used in wood, metal or plastics. 

Steel, aluminum, brass and splined aluminum 
Rivnuts arc available. And many sisbs, types, grip 
ranges. Wben special Rivnuts a^\needed. B. F. 
Goodrich engineers can work out deaigns with you. 


Goodrich Coapi 
AT-4, Akron, Ohio 


ONE-PIECE 

B.F. Goodrich RIVNUT 

may solve your fastening problem 


Use it as a blind rivet 
attachment ... or botl 
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IN YOUR PLANT 


Ijkr some terrible plague, rust spreads its 
min everywhere. 

Annually this thieving demon costs American 
Industry more than a billion dollarsl 

Until recently, rust has been accepted as a 
necessary evil in many operations. 

Today, thanks to new developments, various 
types of rust'preventive coatings and lubricating 
mis are obtainable. 


not be removed, to coatings that resist extremes 
of weather over long periods. 


As protection against rain and snow during 
outdoor storage, or high humidity conditions 
mside. Shell offers a complete line of Shell Ensis 
Rust Preventives. These oils, fluids, and com* 
pounds come in various grades, each designed to 
teeet a specific condition. Protective coatings 
range from thin transparent coverings that need 


Where moisture is a factor. Shell Tellus Oils 
are recommended for machine lubrication. These 
scientifically developed oils cannot remove rust 
once it has started. However, because of special, 
built'in, rust inhibitors, they afford protection 
against the formation of rust — this without loss 
of lubrication qualities. 

Call in the Shell man. He is a trained manr 
competent to study your operation and advise you. 
Let him show you bow to keep rust out of your 
plant. Write, wire or phone 
—Shell Oil Company Inc., 
so West 50th Street, New 
York 20, N. Y.. or 100 Bush 
Street, San Franciscofi, Calif. 


SHELL LUBRICANTS FOR EVERY INDUSTRIAL USE 
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Military overloads lai 



safely on nylon tires 

Even Boeing’s Superfortress has in- 
creased its bomb load with stronger 
B* F. Goodrich tires 


I^TYLON CORDS make better 
airplane tires for militar y 
planes because they are stronger, 
and because, for the same load 
capacity, they are lighter. 

In most cases today, nylons 
weigh almost the same as tires 
made with rayon. But that is 
because, instead of being made 
smaller to carry the same load 
formerly carried by rayon cord 
dres, they are made in the same 
size, and the loads carried are 
increased. 

while the established "radngs" 
for nylon dres have not been 
changed, the "service loads’* actu> 
ally carried in many military op> 
eradons have been calculated and 
show increases of 2i% to $7% 
above the radngs. B. F. Goodrich 
engineers rate nylons at least 
2S% stronger for die same num* 
ber of plies. 

Today, all $6>inch tires are 
made with nylon. In hict, at least 
7S% of all military dres are now 
converted to nylon, and other 
conversions are being set up to 


raise this figure to at least 9S% 
within a matter of weeks. 

Hew nylen Increeses 
''poyleed*' in Hres 
The air in the tire carries the 
load. Nylon cords of equal size 
have a tensile strength of between 
two and three times that of cot- 
ton cords, and nearly double that 
of rayon cords. So witfa stronger 
nylon, the air pressure can be 
increased and the load increased 
in proportion. 

Ot h er fn c ters c ontribiit# 
to longer service itte 
Fewer dres made with nylon are 
removed from military service 
because of bruising than was ever 
true with rayon cord dres. Nylon 
lasts longer, too, because of its 
greater fadgue resistance. Fatigue 
tests of dre cords under equi- 
valent operating conditions and 
at 300'^ F. showed that rayon lasts 
three times as long as cotton, and 
nylon eight times as long. The 
B. F. Goodrich Company, Aero- 
nautical Division, Dept. A4, 
Akron, Ohio. 


W// made by S. F. Coodrkfi 

Expander tubes for brakes ■ Propeller aatMeers ■ De- 
icers ■ erommetc • Engine mounts ■ Hydraulic and 
Fuol boso ■ Control cools ■ Prossu r o coaling zippers 


B.E Goodrich 


FIRST IN RUBBER 





AMERICA WANTS PROSPERITY 



from America’s 


to America's 


the new BENDIX disc brake assures safer 

An outstanding feature of the new Bendiz brake is Its 
complete adaptability. Ranging in size from 9* to 31' in 
diameter, this compact aimfde design adequatelv 
~ — braking recpiirements of all types of 


Lowhydraoli« ^ 

ahsotliing capacity combine to produce 
mazimnm brldting effectiveness. 

The heat absorbing elements called 
rotOTS turn with the wheel by means 
of keys fastened to the wheel itself. 
Because these rotors are made in 
sections rather than a continuous 
ring, Car greater beat absorption 
is attained and fading or wari>- 
ing of ^ther rotating or fixet 
members is eliminated. 

The new Bendiz brake d^ 
sign has b ee n held to a mini- 
mum exteiiBion beyond the 
wheel and at the mmwwtm time 
considerable weight has 
been eliminated from the 
wheel and brake assembly. 


Bendix 


Bendix Landing Goar — Bandix Pn^ttdrtudic Shock Struts — Bendix Airplane Wheels — Airplane Brakee- 
4ydtoufic Morter Cylinders and Potser-Broke Kalees malee up the list ofBandiit Landing Goar Equipiofd 


1 BOOK to be published early in April by the 
IV McGtaw-Hill Book Company carries the pro- 
k vocative title “Prosperity: We Can Have It li 
Want Its authors, Messrs. Shields and Wood- 
id state in vigorously cdiallenging terms their con- 
that the United States will emerge from war 
material and technological resources ade- 
ite to provide a nation-wide standard of Uving 
gecedented in world history. They present, too, 
ir formulation of the several policies and procedures 
Udi must be followed by government, business, and 
fe are to realize our potential for a higb and 
prosperity unmarred by prolonged periods 
unemployment and business stagnation such 
hive haunted our economic past. 

Ibe specific proposals set forth will elicit both en- 
icrid dissent, for the book deals 
far from gentle fashion with many of the currently 
lionable panaceas for assuring prosperity by magic 
aula. It examines, and discards as effective guaran- 
; of prosperity, whatever their individual merits 

0 other grounds, programs for public works, slum 
subsidizing of small business, foreign loans, 

insurance, deficit government spending, redistri- 
Sfaa of income, the numerous formulae for monetary 
ngement, repeal of the anti-trust laws, or any of 
e loosely-phrased admonitions that government 
nd allow everything to take its 
ed by controls of any kind. 

Ob the positive side, the book urges clear recogni- 

1 of the fact that prosperity, under a system of 
iaes enterprise, depends primarily upon the exist- 
e of competitive incentives that spur capital invest- 

mt to provide better tools and equipment, that 
^rove organization and technology to insure continu- 
ttly increasing productivity per man-hour of work, 
d that enlarge markets by producing what the 
nts at lower prices to the end that real 
be increased, 
k short, prosperity depends upon profitable and 
■psBding b usines s and employment opportunity, so 
I bsGomes the part of enlightened government, bust- 
agriculture and labor policy to promote those 
nres which will forwrard rather than retard the 
r aim of expanding production. 

However great the room for dissent upon the ade- 
f“cy, or the phrasing, of the specific recommendations 
' the approach of tbia book has one virtue of 

«M merit It attacks positively the problem of what 
should be taken to achieve and hold prosperity 
Wher than merely devismg a poultice to be applied 
•wB and if we run into a decline. 

Virtually all responsible spokesmen for government 
■“ for business, labor, and agricultural groups, are 


agreed upon the goal of prosperity. Moreover, they 
agree that i n so f a r as possible, it should be achieved 
through the effort of private enterprise, with govern- 
ment intervention utilized only as a last resort But 
despite this unanimity, almost all public discussion of 
the problem has concentrated upon the nature, the 
extent and the timing of such government expendi- 
tures as may be found necessary to combat deflation. 
Since upon this question there is far from general 
agreement our procedure has created an exaggerated 
sense of divergence in a field in which, so far as 
fundamentals go, we all are in accord to quite an 
unusual de g r ee . 

* * * 

No confusion should be caused by the fact that the 
generally current phrase for prosperity is "full em- 
ployment’’ ’The latter phrase merely states the goal 
in terms of human values, which are good terms in 
which to state any goal What matters is that we 
generally are agreed as to what we mean when we say 
that we want prosperity or full employment Not only 
do we know what we mean, but within very rough 
limits we can give dimension to our concepts. There 
are a few whose appraisals are somewhat lower, but 
most competent estimators set the goals for about 
1950 at an average aimual employment in civilian jobs 
of between 55 and 57 million persona, with a gross 
national product of between $185 and $200 billion 
measured at 1943 price levels. This contrasts with the 
1944 level of non-military employed of SlVfa million, 
and a gross output for the end of 1944 of over $200 
billion. It assumes a reduction of the average work- 
week to 40 hours. 

It will take some such levels as these to provide 
employment for those who seek work, with only 
sufficient “frictional" unemployment (those temporarily 
listed as unemployed because of the normal turnover 
between jobs) to afford reasonable labor-market flex- 
ibility to both workers and employers. The non-mili- 
tary employment figures are generally consistent with 
the officially stated postwar goal of jobs for 60 million 
workers, siitce the latter figure is generally understood 
to be an estimate of the labor force, which includes 
members of the armed services and an allowance for 
frictional unemployment. 

There are a number of reasons why the estirnates 
caimot be figured more closely, and why no one can be 
very confident even of the valiffi^ of the stated limits. 
’The chief points of doubt in the employmot estimates 
relate to how many withdrawals there are likely to be 
on the part of women, oldsters, and youngsters, who 
now are in the labor force to a number more 
6 millions beyond normal expectancy; berw many mat* 
will be retained in the armed forces; and whether the 
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postwar Crietiofial unemploymoit be calculated 

as approxiBiating the current 1 or the 3 millicm 

so-listed in the prosperous year of 1929. A ddit ional 
uncertainties cloud the estimates of gross national 
product Notable among them is the fact that no one 
is sure of the war’s effect upon man-hour productivity 
trends, in view of the fact that half of our current 
output has consisted of products that had no substantial 
counterpart in our peacetime price or production series. 
« « * 

Nevertheless, despite such qualifications, it is fair 
to say that we do have a general conception of the 
magnitude of our postwar goals. Although they are 
weU within our production potentials as dentonstrated 
In this war, they are formidably beyond any previous 
r e c ord of peacetime achievement. Only the most san- 
guine optimism could lead one to expect that they will 
be achieved without concerted will, planning, and co- 
<^erative effort. Only blind recklessness could engender 
confidence that once attained they will automatically 
be beld, let alone expanded in normally healthful 
growth. 

If we were to follow past patterns, our war-built 
boom would, after a period of uncertain length, collapse 
into disastrous depression. The very magnitude of our 
recent growth would contribute to the depth and dura- 
tion of the subsequent trough. Yet a fall even to th e 
level of our previous peacetime-peak-year 1{69. has 
been estimated by The Federal Reserve Board to 
imi>ly unemployment for between 15 and 20 million 
persons. If human values have importance, that is 
something that must not be allowed to occur. If busi- 
ness values have importance, we must not tolerate 
again such losses as occurred from 1930 to 1933, when 
sales over the four year period were $128 billion less 
than would have been provided if the 1929 level had 
held, and corporate profits declined from more than 
$7 billions in 1929 to an average annual loss of $1 
billion over the next four years. A repetition of these 
things cannot be tolerated— f/ joresight and cooperative 
effort con prevent them. 

* * * 

In January of this year Senator Murray introduced 
in the Senate a bill entitled "The Full Employment 
Act of 1945." It instructs the President to submit to 
Conrress plans for eliminating both unemployment 
and inSation, including recommendations for correct- 
ing .structural defects in the economic system. It pro- 
vides for a Joint CongressioDal Committee to consider 
the proposals of the President, to take testimony from 
experts and the general public on these proposals or 
•ny others it may wish to consider, and after weighing 
•11 the facts to submit its findings to Congress. It pro- 
vides for an advance budgeting of the constituent parts 
of a full-employment economy, and commits the Fed- 
eral Government to provide, in advance, tor sufficient 
expenditures (through private contractor channels) to 
make up for the gap between estimated private expen- 
ditures and the amount necessary to assure full em- 
ployment. 

THIS 15 Tng 


By no stretch of the can The Full £ 

ployment Bill, in its present form, be regarded u 
ceptable to business. Yet it may well present a ta 
whether or not American business can deal with p 
Ions in this area in a statesmanlike fashion. ! 
statesmanship will consist in demonstrating first, 
the BUI is not acceptable because of deficiencies « 
preclude the possibility of its accomplishing the avc 
purposes; and second, that business is able and am 
to offer constructive suggestions for rwnedying da 

It is easy to point to weaknesses in the Bill To me 
tion only a few of major Importance: The proposal 
make advance Federal expenditures to compensate 
estimated deficiencies in prospective private expeoj 
tures is completely impracticable. No o. 

try can predict future trends with sufficient acciua 
for this purpose; no one can tell what the 
parts of a really high, stable peacetime budget d 
be, for in our boom-or-bust economy we have no i 
pattern to project; no one can tell, within reasoml 
limits, how much the government should s; 
oance to assure full employment. The Bill pronoun 
labor's right to work without defining comm 
responsibilities which it should exercise. It c 
define the areas of proposed government expenditun i 
such a way as to allay business fears of g 
competition or the general public suspicion 
raking. Above all, the Murray BUI is defective 
despite a somewhat vague pronouncement in favor 
forwarding private business activity, it reco 
aingla specific designed to supplement such activit 
rather than stimulate it. 

The very definition of certain of these faults suggei 
their remedies. But the positive task of stating how 
Bill should be amended in order that it may b 
effective usefulness is far from simple. Yet it is a 
mously to the advantage of American business to unc 
take it Fortunately, there is a repre s entative grot 
sponsored by industry. The Committee for I 
Development which has for some time been worki 
intensively upon the problem, and which b 
equipped to offer sound and progressive advice, 
should be used for this purpose. 

American business cannot afford to take 
attitude toward legislation in this field. Some legish 
tion undoubtedly will pass, for the problem L 
which there is a grave government responsibi! 
equally there is a comparably important responsibliq 
upon all citizen groups. None of them has n 
or lose from the rise or fall of prosperity than America 





Sword of Damocles 


SURPLUS- 

The Industry's 


W AY BACK IN THE DAYS when the Curtiss 
OX-5 engine was the most popular power 
plant for small aircraft there was an east- 
era distributor for a mid-western manufacturer who 
invented a system to stretch ffie rapidly dwindling 
aipply of war surplus OX’s. He ferried his planes 
in from the factory — with an intermediate stop in 
Pennsylvania, where he substituted reconditioned 
engines for the new ones in the planes, then stocked 
those new ones for sale to his customers or to the 
manufacturers. In due course, justice overtook him, 
hence he has not been in bumness for a long time. 

This is only one of the evils that arose from the 
surplus problem after the last war. It had many 
tragic results when young men scraped up a few 
dollars to buy war surplus planes which had been 
rotting in their original crates for nearly a decade. 
And the inevitable accidents led the public to believe 
that flying was far more dangerous than it really 
was even in those early days. 

Now we are faced with a surplus problem of far 
greater magnitude than that tattle following the last 
war which upset the normal functioning of the indus- 
try for more than a decade. If we do not handle 
matters realistically this time, the manufacturers 
might just as well shut up shop and go into some 
Aher business. 

A lready we have learned that the cost of 
reconditioning some airplanes is far greater 
than that of new ones. That is not surprising when 
yon realize that our production methods are the most 
eflident in the world. The same holds true of auto- 
mobiles and many other mechanical devices. Because 
of low first cost there comes a time sooner or later 
when it is less expensive to buy a new one than to 
patch up the old one. 

It is true that the process of remodeling or recon- 
ditioning aifplanre engines, or equipment creates a 
great many man-hours of employment and. if you 
look at it from fiiat narrow view, you lose sight of 


the effect it has on the manufacturing industry. Any- 
thing that impairs the manufacturing industry weak- 
ens our air power, because the industry is one of file 
baric elements of air power. Actually it would be 
far better to destroy a substantial quantity of aircraft 
and equifxnent outright than to allow it to hang 
over the market indefinitely, weakenii^ our aircraft 
industry and with it our national security. 

The difficulty of selling the .American taxpayer 
on a policy of destruction of war surplus equipment 
is fully realized. Yet the actual cost of preserving it 
and rebuilding it may easily be far greater than the 
cost of new equipmient- And the indirect cost of 
imp>airing our air power is incalculable in dollars. 
The cost of the present war in lives anfl money is 
tlie price we are paying for allowing our defenses 
to slump after the last war. 

I t's only by education that the public can be led 
to accept these facts. Obviously the job cannot 
be undertaken by the industry lest it be accused of 
self-interest. The responsibility of showing the tax- 
payer that a reasonable amount of surplus destruction 
is actually in the public interest rests squarely on 
the shoulders of those government agencies charged 
with the surplus problem. 

It is these agencies which must have the courage 
to place the facts and figures before fiie American 
people with such clari^ that they can be under s tood 
and appreciated. Efforts in this direction will be 
opposed strenuously by well-meaning but short- 
sighted advocates of economy and more seriously 
by subversive elements whose object is to have us 
lose our dominance in air power. But if our govern- 
ment agencies succeed in surmounting these hurdles 
the whole future of aviation and world peace will be 
much more secure. 
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MEASURING THAT 
FEEDERLINE MARKET 

pA/tT I OP A $eues 


JAMES e. ItAT. vk-PfM-t. So 

T his year may weU be one 
of the most important in the 
history of scheduled air trans- 
portation, for daring its span the CivB 
Aeronautics Board undoubtedly will 
decide whether die benefits of direct 
air service are to be extended to the 
nation’s smaller cities and towns 
through the medium of feeder airlines. 
Sereral regional hearings on such pro- 
posals have been held in recent months, 
and a number of others are scheduled 
for the remainder of the year. 

The many advantages of further ex- 
panding our domestic air transport 
system notwithstanding, CAB right- 
fully has taken the position that such 
expansions which win approval must 
be justified by “public con v e n ience 
and necessity” ; and a very large part 
of this eligibility is concerned with 
proof that the proposed service will 
generate sufficient traffic to support 
itself without excessive government 
payments for carrying airmail. 

Thus the major question to which 
the Board seeks an answer in the vol- 
ume of evidence now being presented 
to it— and the one which is paramount 
in the minds of Congressmen, the avia- 
1 industry, and all odiers sincerely 
1 in the future of feeder air- 
simply stated : IKiU the 

smaller co m mumties generate sufficient 
revenues to support direet air servicet 
Over a period of years the existing 
air carriers, or trunk airlines, have de- 
veloped fairly standardised m e thods of 
measuring the potential market along 
a proposed new route or afforded by a 
new stop. The fact ffiat no pa sseng er, 
mail, and express feeder airline system 
upon which to base a similar formula 
is in operation does not obviate the 
need for feeder applicants to originate 
one that gives an honest accurate pic- 
ture of the great new air transporta- 
tion market existing in thousands of 
smaller communities. Nor. as some ap- 
plicants apparently have assumed, does 
it justify the use of trunk line for- 
mulas for this purpose, because of the 
lack of similarity in the two types of 

Nevertheless, new methods can and 


rfSvW Airwofn Co. 

have been developed which are be- 
lieved to accurately predict the prob- 
able amounts of traffic feeder systems 
would generate. Their application to 
the geographic regions proposed for. 
service shows conclusively that com- 
munities with populations of as little 
as 2,000 (or even less in certain iso- 
lated areas) will generate sufficient 
traffic to support feeder lines. 

•esls for Femmies 

These formulas b^;in with the air 
traffic records of the r ^ion being 
studied. The 1940 CAB survey is the 
Ic^cal one to use, that being the last 
year of normal traffic conditions undis- 
turbed by war. A basic air travel in- 
dex or factor can be developed for any 
given trade area by grotqiing all its 
cities receiving air service in 1940, 
then dividing the total number of 
passengers, or the total volume of mail 
and express, generated try their aggre- 
gate population, to obtain the per 
capita factor. 

This factor wiU vary considerably 
for different trade areas, depending 
upon location, economic indices, and 
other circums ances for which, hap- 
pily, the factor already an 

adjustment. However, there are some 
further adjustments necessary to make 
this basic factor a yardstick by which 
the traffic potential of each town can 
be measured. 

Possibly the first modification of the 
basic factor is the introduction of an 
adjustment co m pensating for the fact 
that 1945 traffic is being measured by 
a formula based upon 1940 data. De- 
termining the amount of increase for 
this purpose is somewhat difficult. A 
number of co m prdiensive surveys have 
b een made, and many have b e en 
used by leading aviation industry 
officials as bases for predictions that 
postwar air travel will be anywhere 
from 200 to 500 percent greater than 
in 1940. 

Moreover, statistics can be de- 
veloped which back up a still greater 
increase. For example, passenger 
traffic increased 62.5 percent more 
than did airmail volume between 1935 


and 1940. Between 1940 and 1943 : 
mail gained 348 percent. Thus, 
passenger totals not been subata mt.iij 


a by requisitioning a _ 

ment for militaiy use, but instead ha 
been permitted to increase at the 1935 
1940 ratio of 62,5 percent greater fiia 
airmail, passenger totals in 1943 alee 
would have been 565 percent of 19K 
That the increase in the immediii 
postwar period will be of considenH 
magnitude is further indicated by th 
fact that the war has brought a grn 
acceleration ii 


OM of comfry’s imst Mp*ri*ne*d npwators thews hew 9e 
fHeeest patseeger, mail, aael exprett vefeinet fer fheasands of com* 
****•• traespertatiea. nrst ef a qreep of srNelet 

mtPfmg all phases of feeder alrlioe eperofiens. 


transport ; that many technical i 
erational improvements, as t 
more efficient aircraft have been ds 
veloped which, in turn, should I 

postwar airline fares ; that large 

bers of rural families have moved nto 
cities and towns, thus increastog br 
sizable amounts the 1940 Census tula 
populations upon which all such fi*. 
mnlas must be based ; that tremeadge 
reserves of income have piled op 
banks (a large part of which, accoi 
ing to many predictions, will be tp 
in travel) ; and, finally, that any 
crease in the number of points sen 
by air automatically will resok 
greater use being made of that trui. 
port fficility by people living i 


Thus, in view of all these ffidt, 
assume that 1945 traffic will be 300 
percent greater than 1940 is very 
servative. 


Smnll Tew 


1 Are deed Merbeta 


A second adjustment is necessaiy ' 
allow for the fact that smaller town 
consistently ge nera te more traffic is 
proportion to their size than do (be 
large cities. A survey of the 19*1 
figures for the entire country ibon 
that the 21 towns having populatisa 
of less than 10,000 produced soot 61 
percent more passengers per 
than the over-all average. In 
West the increase of traffic for 
smaller towns is still greater. The 22 
airline stops generated an avenge d 
.412 passengers per day per 1,000 jepe- 

By comparison, the four statiM 
having less than 10,000 popolitica 
averaged 1,22 passengers or 
three times as many, and the five ii 
10,000-25,000 population group 
counted for twdee as many. In 
there were 13 cities having less tins 
50.000 people, and these exceeded tk 
regional average by 58 percent awt 
passengers per capita. The compl* 
tabulations are shown in Table I. 

It is thus apparent that ffie b 
trade area factor should not be .. 
to all commimities irrespective of 
without further adjustment. Howes*, 
the amonnj of variance in traffic fCS" 


esncBi per capita will have to be deter- 
aojed separately for each geographical 
Rfioo. Probably in most parts -of the 
coouiry the ffictor used for larger cities 
via to be increased by at least 
30 percent for the smaller towns. 

The larger amount of travel per 
c^ta from communities is not 

SBtprisuig when underlying reasons 
— analyzed. The primary one is, of 
trse, that the limited economy of 
oe average small city or town does not 
pravide all the products, professional 
jcrsices and entertainment its resi- 
may want or need. Unlike Aeir 
city neighbors who hare such 
near at hand, residents of out- 
lying communities must travel for 
*- the nearest large city or trade 


To evaluate these influences properly, 
it is necessary to determine the precise 
types of passenger traffic that will be 
generated, because some types will be 
affected more than others by these 
local conditions. 

Passenger traffic from smaller towns 
can logically be divided into these 
three categories : 


potential of cU cummunities within a 
50-mi. radius of their respective trade 
area centers should be reduced by the 
full 40 percent of the passengers classi- 
fied as trade center traffic. In addition, 
while a considerable saving of time 
still can be furnished to the 40 percent 
of traffic “feeding” to trunk line cm- 
nections from these close-in communi- 
ties, about half of this type should be 
deleted. Thus, a reduction of 60 per- 
cent of the total preliminary traffic 
estimate is made as a locale adjust- 
ment for all points within the 50-mi. 
circle. 


wM< trunk tin* flighti to moro . 
parts at tbe country. 

2. TRADE CENTER TRAFFIC— mov 


I for ony of fho 


■enter. 


■» it surprising that residents 
d (be smaller points have made pro- 
portionally greater use of air travel in 
those few instances when it has been 
nide available. This is because the 
analler town’s ground transport is 
ecmparatively poor in most parts of the 

eoontry. It is slow, infrequent, and 

tmog keyed usually to the srants of 
l arger piassenger markets at the 
tsnmnals — inconveniently scheduled, 

la fact, it is not at all uncommon to 
6nd a journey of 200 or 300 mi. by 
bain or bus from an outlying com- 
wmity to its trade area center requir- 
B»more time than one of as much as 
IW nri. between targe cities having 
nore^ adequate transportation. 

With Aese two adjustments, Ae 
Miic factors can be applied to all com- 
moiiities along a proposed route to ob- 
ttm preliminaty traffic estimates. The 
wious steps, tracing Ae development 
« epical trade area factors, arc shown 
M detail in Table II. 

, There are oAer conditions in render- 
***. service to satellite communities 
whiA will iaffucnce Ae amount of 
biffic generated by any given point. 


3. INTRA-TRADE AREA TRAFFIC— tr* 


The amount of each type of traffic 
can be determined for each town or 
trade area by a comprehensi've study 
of hotel r eg is t ra tion surveys. The aver- 
age breakdown will be approximately 
40 percent true feeder traffic, 40 per- 
cent trade center traffic, and the re- 
maining 20 percent intra-trade area 
traffic. 

Two obvious situations or condi- 
tions which affect Ae preliminary 

traffic estimates for a given community 


Other Adinstmawts Nwwdwd 

The advisability of predicting that 
even half Ae true feeder traffic would 
use air service for trips of less than 
SO mi. has been questioned. But such 
reasoning overlooks Ae fact Aat 
ground carriers are at a disadvantage 
in attempting to compete wiA the air- 
line for such traffic. Because Ae des- 
tination naturally is Ae trade center's 
airport, the downtown-to-airpnrt time 
is against Ae ground carriers. And. 
since virtually every trade area center 
is a large city, driving an automobile 
or taking a bus wiAi'n Ae built-up 
areas makes for a slow difficult trip. 
Frequently it requires from to 2 
hr. Arough heavy traffic to go from a 
suburban district, across the city, to its 

Tlius,, to be able to drive to. a nearby 


1. A LOCALE ADJUSTMENT— In which 

by the ssMIHc cemmunlty'i dlitcncc 
frem II* trade crec center. 

2. AN ISOLATION ADJUSTMENT — de- 
pendent upon the number end con- 
venience of the cemmunltv'* qreund 
trentpertetion sehedulci to IH trade 
area center. 


local airport and board a plane going 
directly to Ae trunk line terminal 
would be a great convenience for pas- 
sengers making trunk line connections, 
and undoubtedly a feederline can at- 
tract some of Ais of traffic, even 
for very Aort trips. 

A locale adjustment also seems ad- 
visable for those communities between 
50 and 100 mi. from the trade area 
center. At Ais distance the airplane 


The adjustment for locale t 
from Ae fact that it generally ft 
difficult for the airplane to save 
cient time over ground transportation 
on short trips. Accordir^ly, the traffic 
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has a clear margin in time-saving over 
surface carriers, especially for true 
feeder traffic and intra-trade area 
traffic. However, the time lost in go- 
ing to and from airports reduces the 
airplane's margin of time saved for 
trade center traffic, to the extent that 
perhaps half of it should be deducted, 
or 20 percent of the total traffic repre- 
sented by the preliminary estimate. 

No locale adjustment is needed for 
cities and towns more than 100 mi. 
from the trade center, for in these in- 
stances the conditions of geographic 
location, ground transport facilities, 
etc., are analogous to those for the 
timnk airline stations used in obtaining 
the original basic factors. 

The .second adjustment compensates 
for the isolation factor of each com- 
munity within 100 m«. of its trade cen- 
ter (as mentioned, those beyond 100 
mi. have the same characteristics as 
the trunk line stations from which the 
baste factors were projected). This 
adjustment is based upon the premise 
that if a community has inadequate 
surface tranport, an airline logically 
can expect to carry a larger percentage 
of its total traffic. 

To make this adjustment correctly, 
a comprehensive study of existing sur- 
face transportation facilities must be 
made, when it will then be possible to 
analyze each schedule and give it a 
rating as to its "convenience'’. A fair 
definition of a convenient schedide 
would he one that departs at a reason- 
able time in the morning from the 
community or trade center, arrives at 
its de.stinatkwi in time to give the 
traveler a fair amount of time for his 
business, and return him to his home 
at a reasonable hour of the late after- 
noon or early evening. Originating 
schedules can be called convenient if 
they depart after 7 a.m. and arrive by 
12 o'clock noon ; return schedules 
should run between 2 and 7 p.m. 

If ground carriers furnish a inomii^ 
schedule both to and from the trade 
area center, and a similar two-way 
schedule in the afternoon, Uiat com- 
muni^'s transportation is about nor- 
mal and its traffic potential can be left 
unchanged. If two complete sets of 


convenient ground schedules are avail- 
able during those hours, the isolation 
factor should be reduced to less than 
100 , and the potential multiplied by it; 
if three or more schedules are avail- 
able. the isolation factor should be re- 
duced still more. \'alues of 90 and 80 
percent respectively, seem to be in 

On the other hand, if the transporta- 
tion pattern '-i le.ss than the norm, the 
isolation index sbotJd be proportion- 
ately higher. Thus, if a community has 
only half of normal service, the isola- 
tion can be rated at say 110 percent, 
if less than half normal, an isolation 
value of 120 percent can be assigned. 
Probably 20 percent above or below 
normal is enough to allow for this ad- 
justment because its compensation is 
for the effect of scheduled ground 
transport only, and not for the auto- 
mobile, which may still carry most of 
the traffic. 

Davalap la g Tradlc IsMaMtas 

_ A clear picture of the generally poor 
quality of rail and bus transportation 
g^ven satellite communities is apparent 
from a study of their schedules in the 
Pacific Coa^ region. Of 45 points 
located within 50 to 100 mi. of their 
trade centers, only 10 had two or more 
sets of convenient schedules to and 
from the center. An additional 15 
towns had the bare minimum needed 
for a "normal” rating. The remaining 
20 all were given sub-standard service, 
and nearly half had no convenient 
schedules in either direction, either 
morning or afternoon. 

The reason is that satellite towns are 

usually located aloi^ channels of 
through traffic where local service is 
only incidental. The through schedules 
are timed for convenience of the traffic 
between larger cities with no thought 
given to the needs or the convenience 
of the local travder. 

Table III shows the development of 
traffic potentials for a hypothetical 
route, beginning with the preliminary 
estimate obtained through use of the 
basic factors and illustrating the effect 
of each of the two adjustments where 
applicable. 


If a limited number of communltin 
arc under study and it is desired t« 
find each one’s exact potential, eco- 
nomic indices offer still another po>. 
siMe adjustment. In this instance a 
mean or index number for each eco- 
nomic characteristic to be used rata 
be determined. These uudouhiedly «t3 
be based upon the comparable i^ica 
of existing trunk line cities in the same 
trade area. Each community's tnlBc 
potential then can be changed accord- 
ing to its variance from the predeter- 

Generaily speaking, this type of ad- 
justment does not seem to be neces- 
sary when an entire new feeder route 
is being measured. It is reasonable to 
expert that the basic factors for each 
trade area, reflecting the average eco- 
nomic conditions for all cities in that 
area presently having air service, will 
also reflect the general economic leecl 
obtaining throughout the entire trade 
area. Some points will exceed this 
average, others will fall below it; thos. 
the total projection for the entire route 
probably will average out to approxi- 
mately the trade area mean. 

Firtally. it may be desirable to add 

route rather than one or more indi- 
vidual stations. Called "intransit traf- 
fic”. it shows up only where it is pro- 
posed to serve two or more trade areas 
with connecting routes linking them 
so that passengers could go from points 
on the first route through the outlying 
terminal to points on the second route. 
The amount of such traffic would de- 
pend. of course, upon the integration 
and community of interest existing be- 
tween the two trade areas, and it 
should be predicted only after a sepa- 
rate studv. 

It seems reasonable to assert that any 
formula taking into account all or i 
large majority of the factors infloenc. 
ing traffic in the satellite areas as de- 
tailed above will give an honest, acn- 

That measurement, as stated before. 


TAtLE II— Estt«n 9 *r Treffic Analyiu 
ef San Prsndico Trad# Araa 
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there is sufficient traffic avail- 
^ in the outlying communities to 
jopport direct air service. 

.Ls shown in Table III, some 53 
juser^gers will be generated on that 
jgpothetical route having a total popu- 
Isriou of 120,000. This would mean 
ire flights per day using a 15-passen- 
jer plane and allowing for a reason- 
ible load factor. On this basis, a route 
rid) only two-fifths as much popula- 
tioD, or between 40,000 and 50,000. 
still justify two round trips per 


Methods Frevod by Ezporioaeo 

This traffic volume can be compared 
vitfa the Los Angeles-San Diego route 
which, without any througli traffic, 
justified five round trips with 21 - 
puicnger planes in 1940. The com 
parable population figure is 203,000. 
This is substantiating evidence indicat- 
ing that this method of calculating the 
passenger potential on feeder routes 
is sound and that by grouping a half- 
dozen or so satellite towns on a route, 
sufficient traffic can be generated to 
justify operation. 

Thus it is shown that a rich, new 
passenger market does exist for air 
transportation in the satellite areas 
urroonding metropolitan trade cen- 
ters. The scope of this unserved mar- 
ket can best be realized when it is 
rtmenibered that only 38 — or 024 per- 
rent— of 15,675 incorporated cities in 
the U. S. having less than 10,000 popu- 
Itlian currently are certified airline 

Airmail, too, is of prime importance 
n showing the need for any given new 
lir service. Once again, a formula 
siinilar to that outlined above for meas- 
uring the passenger market can be de- 
rdoped; and once again, application 
of Siis formula to typical satellite areas 
rereals that large volumes of airmail 
vuuki be available to air carriers offer- 
h* feeder service. 

Basis for the mail formula is pro- 
rided by the joint Post Office Depart- 
nent-CAB survey for a typical week 

* 1940, from which factors showing 
*e number of pounds of airmail gen- 
^ted daily per 1 ,000 of population can 
•edwelciped for each tr^e area under 
Mosideration. In modernizing the data 
a show probable 1945 volumes, the 
S'! percent can be used for the same 

given above. 

figure, too, can be proved con- 
*f»ative. Between 1940 and 1943 
>'me, airmail increased 348 percent in 
rwume nationally. Additionally, be- 
ta-em it,., 1941 1^3 ^^e number 

^eces dispatched by the several hun- 

• ''’".''’’“"'ties served by All Amer- 
^ Avi.ation’s pickup routes increased 
"y percent, indicating that the smaller 
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towns have increased their patronage 
of airmail proportionately more than 
the nation as a whole. Of course a 
part of these sharp increases is a direct 
result of the war. 

When preliminary mail traffic esti- 
mates have been computed for each 
point proposed for service through use 
of the basic factors increased for 1945 
performance, few additional adjust- 

not subject to the same local influences 
as passengers. Most mail is generated 
late in the <lay, and If it can reach its 
destination overnight by ground trans- 
port, it need not go by air. 

Consequently, nearly all mail traffic 
from the satellite communities will be 
of the true feeder type destined to con- 
nect with trunk line flights to more dis- 
tant parts of the country. Because this 
traffic needs to move only to the air- 
port (not downtown) at the trade area 
center, it is almost always possible to 
show considerable saving in time over 
ground transport, except for towns 
located very close to the main airport, 
in which case some reduction in volume 
might be necessary to compensate for 
mail lost to surface carriers. 

dwchlaq Mall Pamelas 

For mail traffic estimates, it is pos- 
sible to make a check on the accuracy 
of the formula used if. as has been the 
case to date, the Post Office Depart- 
ment makes an actual mail count for 
all points proposed for service imme- 
diately prior to CAB hearings on appli- 
cations therefor. In this connection it 
will he well for checkers to bear in 

added to All .American Aviation's 
routes, their average monthlv volume 
of airmail generated was 242 percent 
higher during the first year of service 
than the pre-operation mail count. 

Formulas of this tj-pe introduced in 
the West Coast CAB hearings showed 
projections only 31 percent higher 
than the actual mail count, and thus 
may be termed exceedinglv conserva- 
tive in view of .All .American .Aviation's 
experience. They showed, however, 
that approximately 25 1 b. of airmail 
could be expected daily from communi- 


ties of 5.000 population: 10 lb. from 
totvns of 2,000. Such figure.s would 
not hold true nationally, however, be- 
cause the West Coast generates more 
airnmil per capita than the national 
average. 

One final measurement should be 
made of any new market — an estimate 
of the air express available to the new 
air service. \Vhile such revenues ordi- 
narily will not be high, proportionately 
speaking, they nevertheless serve to 
further reduce costs for carrying mail. 

Express revenues of all existing air 
carriers for July 1944. totaled 6.7 per- 
cent of passenger revenues, a figure 
which can be applied to the new 
service. Or, it has been shown that 
there is a close relationship, percent- 
agewise. between express and mail 
weighs carried. For each year between 
1938 and 1942, express increased by 
approximately 10 percent, except un- 
der the stimulus of war in 1942. when 
it jumped 42 percent. By assigning 
only the normal 10 percent gain to the 
1942-over-1941 period, and project- 
ing similar increases for subsequent 
>-ears. it can be computed that the rela- 
tionship of air express to airmail in 
i'M5. if there had been no war influ- 
ent-". would have been about 60 per- 
il should be pointed out that air 
cargo as such does not promise to be 
a substantial source of revenue for 
feeder airlines. Local shipments ca 
move overnight by ground transport 
and the more distantly destined car- 
goes would be costly to off-load and 
re-load on trunk line planes at the 
trade area center airports. But smaller 
items of freight similar to those pres- 
ently moving by express, will undoubt- 
edlv supplv a considerable volume of 
traffic. 

Thus, it is evident that large vol- 
umes of passenger, mail, and express 
traffic are av*ilable to an air carrier 
frnm the large number of smaller 
cities and towns typical to every trade 
.irea. The type of air service which 
sliould be established to serve this new 
market will be the subject of next 
month’s article, second in our four-part 
series on feederline operations. 
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FLORIDA COORDINATES ACTION 
ON AVIATION LEGISLATION 

■y HOWARD W. HARTLBT, ArkiHoa UHof. S*. CvMMf ImdmfMtdtmt cola^ and the nw base M the mooth 

H«w a «p»clgl poM T » for oetioo, adoptobU for etbor stofo*. offoe- 
tivoly baa d od laaior qreaps latorostod la fbo aoronaafieal fafaro— 
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W DKH Tony Jannus flew his 
pint-sized Benoist seaplane 
from St. Petersburg to Tam^ 
on a sunny New Year’s morning in 
1914, carrying one passenger and a 
few poonds of cargo, the 3,000 appre- 
heDSive Floridians gather^ for the 
taiceoff arere witnesses to the birth of 
commercial aviation in the United 
States. 

Jannns died in a crash on the Rus- 
sian steppes two years after his his- 
toric fli^t, but his spirit ItTes on 
today in the hearts and minds of a 
group of realistic Floridians who have 


the Jannus heritage but to make their 
state the nation's air gateway to South 
America, Mexico, Cuba, and the exotic 
lands that fringe the Caribbean Sea. 

During the hectic year following 
Pearl Harbor, tbe armed forces 
sprinkled Florida from Pensacola to 
Key West with scores of military air 
bases. There are 190 r e e cgnized air- 
ports in the state today, ranging from 
the smallest municipal fields and land- 
ing strips to such mammoth establish- 
ments as the army’s MacDill and 
Drew bases at Tampa, the Navy’s gar- 
gantuan plant at Jacksonville, its vastly 
expanded air training station at Pensa- 


eoast. 

More than half of Florida’s amu- 
ing network of airports belong to tbe 
Army, Navy. Marine Corps, and Oast 
Guard. The remainder are propertia 
of cities, counties, and private opet. 
ators. But the return of peace wSI 
find the armed forces abandoimg 
many of these military bases. In fact, 
some of them may be turned back tt 
civilian and commercial flying before 
the war ends, and many com p e t em 
observers believe that not more dian 
a half-dozen of Florida’s present 9$ 
military air bases and fields will be 
retained by the military as permanem 
estaUisbments. 

These military bases have cost manr 
millions of dollars, and wididrawal ol 
the armed services will give Florida 
another ace in her game of show-down 
poker with other states for post war 


jgannaoce in the field of commercial 
ariation. Nature dealt Florida her 
ace — some of the finest year- 
^^jopd flying weather in the world. 

Bat a pair of aces does not consti- 
uK a pat hand. Early last year such 
jcronautical thinkers and planners as 
Harry Playford, of St. Petersburg, 
vbo flew bombers with the AEF in 
World War I, set about laying the 
igundation for Florida's aviation fn- 
tore. Playford found almost as many 
i<kas on the subject as oranges in a 
tearing grove. He also discovered the 
wheel horses harnessed to Florida’s 
rristion wagon were pulling at cross 
purposes. Tampa had one plan. Miami 
bad another, St. Petersburg still an- 
other. and there was a lot of running 
around by zealous but short-sigbted 
dttzens, some more intent on blowing 
dieir own horns than charting a course 
die state could follow. 

So Playford decided his first job 
was to bring these cross-currents of 
public opinion, as reflected by leaders 
tf all groups, to a common viewpoint 
sad to enlist them under one banner. 
As president of the Florida section, 
National Aeronautic Assn., and mem- 
ber of the association’s national coun- 
cil, be b^an building up NAA within 
tbe state. There were only three chap- 
ters in Florida 'twelve months ago. 
Today there are ten and membership 
has jumped from the original 250 to 
oore than 1,500, with many new chap- 
lets in process of orgsuiizatioo. 

Once the NAA pr^ram was under 
way, Playford called the first of a 
series of statewide aeronautical clinics 
at Orlando. That was early in January. 
Tbe sessions, covering tsm days and 
evenings were attended by representa- 
dves of the ux leading agencies now 
functioning in Florida with an eye 
toward preservation of the Jannus 
lirdiright. In addition to NAA, the 
list of these agencies includes Gov. 
Hillard F. Caldwell’s committee on 
aeronautics, the aviation committees 
of the Florida State Chamber of Com- 
merce and the Florida Junior Chamber 
of Commerce, the advisory committee 
of the Civil Air Patrol, the Pindlas 
I County Aeronautical Commission of 
Sl Petersburg, and the National Avia- 
I tion Trades Assn. 

The clinic at Orlando wrote a new 
chapter in Florida’s aviation history 
because, out of the panel studies and 
foieral conferences, there emet^ed a 
five-point program to be laid before 
the sute legislature, which convenes 
this month. 

Ke>stone of the arch of laws upon 
^tich Playford and his colleagues 
hope to build the future of commercial 
*ttd private flying in Florida is a meas- 
ore creating a state department of 
aviation, April, 1945 


banded togetiier not only to preserve 



UO 


aeronautics, headed by a seven-member 
commission. The governor would ap- 
point one commissioner from each of 
the state's six Congressional districts, 
plus a seventh member from the state 
at large, all of them«serving without 
compensation and selected solely for 
sound knowledge of aviation in all its 
manifold phases. 

With the commission acting as a 
board of directors, the new state de- 
partment’s administration of laws 
r^ulating flying in Florida, construc- 
tion of new airports, zoning, and allied 
activities, would be placed in the 



Spatiphg of Aforida’s compnkmtitg plan 
fw onronaaftcal deva/opmvffl h Harry fl. 
Pta/lard, rntaran pilot sAovn Aera wHk 
Sfinten in wAicA ha cavers tMa. Dua ta bit 
tifartt, many Ji0afa/rt groapt intm mr tad la 
potimai Hying horn boon brought tagothnr 
and valdad into tingin body working for 
tingla program doiignad to darnlop path 

of a full-time adequately salaried di- 
rector. The pay would be sufficient to 
attract an executive of outstanding 
ability and national reputation. 

Enforcement of state flying regula- 
tions — to follow the pattern of federal 
laws— would comprise only a part of 
the new department's activities. 'The 
commission also would be charged 
with helping provide, either through 
consultation with cities and counties or 
its own construction program, a net- 
work of landing strips along the prin- 
cipal air toutes that criss-cross the 
peninsula. These landing strips would 
be equipped with conveniences for 

In addition, the commission would 
make certain that all airports, both 

requirements, in the way of adequate 
adniinistration buildings, hangars. 


shops, and other necessary construc- 
tion. The commission would be clothed 
with absolute authority to designate 
locations of additional fields, looking 
always to factors of safety, accessibil- 
ity, and transportation to the nearest 
cities and towns. 

Creation of a commission with such 
broad powers and maniftdd activities 
would obviously require liberal finan- 
cing. It is on this point that the only 
divergence of opinion exists. Florida 
does not tax aviation gasoline, but 
the state recently took a $5,000,000- 
per-ycar right-cross to the treasury’s 
chin in War Mobilization Director 
Byrnes’ order that closed down race- 
tracks, both horse and dog, for the 
duration or until further notice. Gov. 
Caldwell has indicated, however, that 
he is not averse to tapping new sources 
of revenue, provided the tax is for a 
good purpose. So Playford and his 
colle^ues believe the Governor will 
lend a hand in providing the state 
aeronautical department with whatever 
financial aid is needed to do its big job, 

“Taxes need not be heavy, “Playford 
declared in a recent message to the 
Florida NA.A. “They need merely be 
adequate to maintain the state's inter- 
est and support in matters aeronauti- 
cal. Many airports and buildings have 
been constructed by municipalities 
through public subscription to com- 
memorate flying heroes of the past. 
Many more will be constructed by the 
same means. But taxes there will be, 
and no one in aviation will be sur- 
prised to hear it. None will object 
as long as public tax money is not di- 
verted from its original purpose — the 
advancement of aviation in ^orida.” 

Pressing for early enactment of the 
legislation. Playford declared; “Com- 
mercial airlines will operate in and 
out of Florida in proportion to the 
amount of business produced by their 
flights. I am not worried on that 
score. Five operating lines have Flor- 
ida applications before CAB today, 
and we expect other companies to 
follow suiL Take a loc^ at tbe map. 
Florida projects into the South At- 
lantic and Caribbean tike a giant air- 
craft carrier, witii Miami at tbe prow 
and St. Petersburg, Tampa, Jackson- 
ville, and Pensacola along tiie port and 
starboard rails. We have so many 
airports today that the state itself can 
be compared with the deck of a carrier 
—ready and waiting for the com- 
mercial air fleets of the world and the 
thousands upon thousands of private 
flyers who will Ute^ly darken our 
postwar skies. All that remains to 
be done is to correlate and coordinate 
the efforts of all Floridians — 4md our 
-■^tate will become an aeronautical 
Utc^iia. But the time for action is 
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Tips and Techniques 
For Alaska-Bound Flyers 
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PUots of tho Transport Commond^s 
Ferrying Divuion, vhick it com- 
manded by Brig. Gen. Bob B. Nots- 
land, swear by m unofficial and forth- 
right document that contains common 
sense — xvhOe retaining a real Ameri- 
can sense of humor — for the men ferry- 
ing planes and supplies to Alaska. 

Prepared by 0 former 7th Ferryittg 
Group pilot (Cap!. Bishop White of 
Princeton. .V. J.. now with ATC’s 
India-China Division) this doeument. 
So you Want To Go To Alaska, gives 
the straightfom/ard adcice on what is 
permissible and what is not permis- 
sible in flying this northern route. It 
goes like this: 

I r YOU A&E contemplating a sojourn 
in the land of The Cremation of 
Sam McGee, there are a few little 
details to check op on before packing 
your fishing eqmpment and brushing 


up on your E^inio etiquette. Many 
problems arise on top of the world 
which don’t occur down south around 
its waistline, and if you think .life in 
the north can be beautiful maybe you’d 
better have a speaking acquaintance 
with some of these phenomena. 

Before you start your northward 
delivery of planes and supplies you will 
want to become acquainted with the 
nearly 2,000 nii. of land between Mur- 
rill’s Bar in Great Falls, Mont, and 
the Ws^on Wheel in Fairbanks, Al- 
aska, — ^he stretch commonly known 
as "The Route”. 

The route runs just cast of the main 
backbone of the Rocky Mountains to 
Fairbanks, traversing country which 
progresses from plains into mountains 
and. at Northway. back into plains 
again. In 'summer this land is warm, 
swanipy, and bugg>’. In the winter it 
is frozen and windy. The weather is 



always capricious, seoning to make i 
definite effort to "get” you. The fish, 
ing is good, the country is beautiful 
but the social life, except in Mooiau 
and Fairbanks, is non-existent — unless 
you are attracted to bears. 

All the airports on the route ar^ 
so big and the runways so long 
only a character of very question^ 
talent will overshoot very often. 

Edmonton is the headquarters 
Alaskan Wing. Here the nativco 
definitely friendly and the females do 
their best to assure pleasant interr 
tional feelings. 

Whitehorse, the next station, caici 
some replacement parts and has . 
fairly large staff of mechanics. Whiu- 
liorse is beginning to get civilized. It 
IS overflowing with graveUagitaton, 
and "feather-merchants” appea 
through the surrounding territor.. 

At Fairbanks )rou and the other 
Ferry pilots will be weighed, soned, 
and stacked into a transport fOT deOv- 
ery back to Great Falls. This usually 
happens in the middle of the nigfc. 
about three hours before takeoff, and 
every effort is made to "arrange” the 
pilots in nice even layrers to make room 
for other cargo. 


You might keep in mind that every- 
one on the northern route must be hU 
own weatherman. Said weather de- 
velops fast and disappears just as 
quickly. While often it is possible to 
fly along the road with oilious-looking 
clouds in the mountains to the vest 
and blue skies to the east, it is impos- 
sible to tell when the weather will spill 
out over the route and cut you off in 
front, behind, or both. 

In summer, thunderstorms are fre- 
quent and line squalls do occur. Ex- 
tensive cloudy conditions of extreme 
duration happen infrequently, however 
heavy turbulence is common. 

and spring are inclined to be 
as messy and unpredictable as comb- 
ing grandfather’s beard after Christ- 
mas dinner, for winter and summer 
weather get all tangled up in each 
other and fogs are common. One day 
may be cold and the next warm. It’s 
a good time to expect sutything. 

Winter is the season of seasons of 
north. The natives are bored the rest 
of the year. Characters new to Ae 
country start thinking they are rugged. 
Passing out the information that Aey 
have been colder on the HcArices 
ferry, they don’t bother with mafly 
clothes. They don’t feel cold even if 
the thermometer says it’s —40 deg., but 
sooner or later they will make their 
little addition to the collection of de- 
tached ears, toes, and other titdc 
trophies which are on hand at most 


anons. No matter how you teel, 
le thermometer isn't kidding. 

In winter, occiuded fronts moving 
ban the Aleutian low eastward have 
a na-sty habit of chasing each other 
oter the route quite regularly. Even 
after the front itself passes, a great 
deal of low, messy stuff hangs around 
die valleys and over the road. This 
kings b^ weather reports from some 
cations when the weather is actually 
riequale for flying. The frontal 
se^er itself is foul and often hangs 
around for days. 

This brings us to sequence and syn- 
eftk maps. Sequences are little 
garbled messages on the tele- 
type that tell you what kind 
;d weather you would have 
kad if you’d taken off two 
hours ago. The important 
thing they show is the weather 

You might notice the tem- 
perature and dew point 
spread. If they are too close 
yon are likely to gel spread 
yoarself. Remember, the re- 
porting weather stations are 
pretty far apart, and if you 
would get a good idea of the 
weather picture you must 
itndy the subject and use your 
inaginatioo 

The synoptic map is a 
weather chart in technicolor, 
ll is figured out by prophets 
ind medicine^ <n*n with the 
bdp of a ouija board. A 
chancier poatpssing perspi- 
adly and an instinct for self- 
pfcservation can match the 
•yooptic map against the se- 
4oences to get an answer to H to 
fie *64 question: "Shall I 
like off?” 

At Fort Nelson a sign in the 
weather office reads : "Famous last 
words — let us go out [fly out] and take 
t look at it”. But taking a look at it 
s often very necessary if you want to 
•Wiver your plane before you’re an old 
"“n. If you are going to "take a 
remember that the weather be- 
hind you is more important than the 
■rather in front, and that the most 
■o^igent maneuver of all is the 180- 
deg. turn. Of course, using a 180-deg. 
Wm is no good if the weather has 
dosed-in the station you departed 
from. _ To be in between two socked- 
« stations is a good way to make hell 
wre crowded than it is already. 

In the winter a temperature inver- 
•*» exists most of the time; so even 
■bewgh it is too dry-cold for wing ice 
* Ae ground, it is no sign that you 
*«'t be flying an ice-wagon soon after 
ron leave the runway. Icing condi- 
“®n» exist on the route at all seasons. 


r not difficult to avoid if 
out for them. Find out 
ero isotherm is — don’t let 


1 major 


where the 

Ice iog and arctic smoke are two 
While they don’t 


limit vertical visibility, they mess 
horizontal visibility plenty and materi- 
ally increase one’s chances of being 
spitted on a tree like a hot d<% while 
tryiig; to land. On the ground, snow 
is something that makes runways slip- 
pery and is very apt to ruin your depth 
perception when the sun is bright. 

On the northern route frost forms on 
planes parked overnight, on planes 
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taxiing out for takeoff, and on beer 
glassy at Edmonton if you are weatb- 

JFrost must be swept or mdted from 
all ffarts of your plane before takeoff. 
Even though it looks thin and harm- 
less, it spoils airfoils, creates drag, 
and increases the takeoff speed. If 
frost forms while taxiing out, go 
back and get. rid of it. Frosting of 
your windshield just after takeoff is 
due to a temperature inversion. Your 
plane, which is at ground temperature, 
has passed through a warmer layer of 
air than that at the ground. You will 
also probably be leaving a vapor trail. 
When this happens don’t get worried. 
Look out your side windows and use 
y^r instruments; your windshield 

High winds can occasionally be 
found on all parts of the route and at 
all altitudes. They are just a minor 
difficulty, however, and generally are 


not violent enough to form a 
hazard. In fact, Yukon ti 
much more detrimental to smooth and 
untroubled flying. 

Knowing an airplane is like knowing 
a woman; that is, a considerable 
amount of understanding is in order. 
Don't forget that most of the planM 
we deliver north have less than ten 
hours on them when they reach the 
7th Ferrying Croup at Great Falls, 
hlont., hence they have not received a 
thorough breaking-in. Tech orders 
are fine, but if you really want to know 
your plane see tlie experienced mechan- 
ics or the factory representatives along 
the route, and watch mechan- 
ics make repairs on your 
plane. A specific mechanical 
difficidty showing up on one 
plane is likely to occur on all 
planes of that series or type. 
It is wise to know what such 
trouble is and to be alert for 
it- Try to prevent mechanical 
trouble before it occurs. 

No specific mechanical 
failures are caused by the 
summer climate and no special 
precautions are necessary. 
Use fairly short run-ups and 
keep your airplane engines 

Temperatures in the winter 
get as low as -75 deg. F. 
Even brass monkeys will ad- 
mit this is cold. This condi- 
tion alone is a great source 
of trouble. It is likely to 
freeze you — in the end. 

Always preheat your oil 
thoroughly, using an immer- 
sion heater, or drain your oil 
for storage in a hangar 
where you check in over 

night The longer and more 
thoroughly yon pre-heat your plane, 
the safer you are — and the easier it is 
on your plane. 

In winter you will find that stmts 
leak and tires tend to flatness. Cheek 
leaking struts for fluid level and be 
sure not to fill them too full. Tires 
must be filled at moderate tempera- 
tures, preferably in a hangar, since if 
they are filled to normal pressure with 
cold air they will heat up when the 
wheels are retracted and are liable to 
go “bang” when the air expands. Con- 
traction of materials sometimes ac- 
counts for loose fittings and connec- 


Also, don’t forget to dilute your oil. 
This is very important, but, like GI 
underwear, it is a ticklish proposition. 
'The most intelligent dilution procred- 
ures at very low temperatures are not 
always the ones you find in tech 
orders. Many pilots believe in very 
(TMm to page 242) 
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New Horizons Opened 
For Aircraft Markets 

•y JOHN POSTER. JR.. Moj.99.*CTy tdHaa. "Awiatiaa" 


N ‘ operatoi> aiul airminded com- 

{or aircraft sales and service, horizons 
that can mean increased employment 
and profits without requiring tremend- 
ous investments by the operator, heavy 
bond issues by the communities, or 
assuming of obligations to state or fed- 
eral governments. 

Pattern for this new type operation, 
which can be duplicated or adapted 
throughout the country, has been es- 
tablished in Westchester County, New 
York, where North American Airport 
Corp. — backed^ by Gulf Oil Corp. — has 

built County .\irport for the duration 
and 15 yr. in a deal by which the 
county will realize a profit on what not 
long ago seemed certain to be a 
costly white elephant. 

Although the past 18 yr. had seen 
considerable agitation for a county ur- 
' port, a small WP.\-built emergency 


field was the only one constructed 
un6l after Pearl Harbor, when the 
government put in runways as the first 
step in establishing an interceptor 
base. County officials then expected 
that after the war they would be pre- 
sented with a complete field, and it 
was quite a shock when, late in 1943, 
they were advised that changing con- 
ditions indicated neither Army nor 
Navy planned much use for the field, 
and so would not set up proposed 
hangars and other facilities. Thus the 
county was faced with the prospect of 
completing the field beyond the three 
runways, which are 5.000, 4,750, and 
4,450 ft. in length. 

Since the county appeared headed 
into the airport operation business 
whether it liked it or not, County Exe- 
cutive Herbert C. Gerlach instructed 
Commissioner of Public Works James 
C. Harding to find out how to do it, 

One of the first things he discovered 
was that there were nearly as many 


there were airports. One complica- 
tion, for example, was the fact that 
while it was known personal flying 
would account for a large part o{ Ak 
business volume, there was no way of 

scheduled transport business. Mean- 
while, however, experts had been con- 
sulted for aid in laying out and design- 
ing hangars and other necessary build- 
ings, and plans were submitted to CAA 
for final revisions. At least the county 
officials then knew what would be 
necessary in the way of expenditures 
for completing the airport. 

They knew one other very important 
thing; There was a strong feeling in 
the county that operation of the airport 
was a commercial venture and there, 
fore belonged iiv the field of private 
enterprise rather than governmental. 
This meant that the county would have 
to advertise for bids from prospective 

"After considerable difficulty due to 
lack of precedent and our own ignor- 
ance of the subject,” Harding t^ 
Aviation, “we prepared specifications 
and advertised for Wds. We had 
plenty of interest, but most of it was 
purely academic. Flying school opera- 
tors told ns we wanted too much in 
the way of new construction; airlines 
said they were not interested. Oik 

fications for the Hall of Fame as ‘the 
most impractical and impossible Pro- 
posal we have ever had the pleasure 
of reading.’ ” 

It was a pleasant surprise, then, to 
find four bids from major oil com- 
panies, or firms backed by them, all of 
which exceeded the officials' most 
optimistic hopes. The concession was 
finally awarded after several weeks' 
negotiations, for each of the four or- 
ganizations felt its tnd was best. 

As finally worked out. North Ameri- 
can Airport Corp. agreed to spend 
over the life of the agreement approxi- 
mately $900,000 for construction of sc 
administration building, and control 
lower, three large hangars, several 
multiple unit hangars, and gasoline 
stations. It also stated it would t^ 

Further, it agreed to furnish all serv- 
ices normally found at a major airport 
including aircraft sales and service, 
fuel and oil sales, aircraft storage, 
flying school operations, charter and 
aircraft rental services, restaurant and 
cocktail lounge, and facilities f<w 
scheduled airline operations- 
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^■sqemont cenfreiet backod by mojor oil company doors way for 
yeafer airporf development— wifh more chances for sales, service 
pd employment — without puttin9 heavy financial lood on indi- 
adiel fixed base operator or taxpayers. 


.\Q these operations will be con- 
nOed by the county, which will sup- 
(rise choice of sub-concessionaires, 
k i)rpes of aircraft and equipment for 
ik, ebarter or rental, service charge 
iKs, operating personnel, and other 

Westchester County, in turn, will 
«e the airport, do rough grading in 
» hangar area, and construct storm 
rains, |»ower lines, water lines, a 
irking area, sewers and sewage dis- 
osal plant, and an access road. It is 
tdnraterl these items will cost $400,- 
W, and the county will care for 
ruclural maintenance of pavements 
ul drains. 

The county will be paid 7^ percent 






icket sales, charter ticket sales, 
u.-i gasoline sold scheduled airlines; 
0.1 the airport contpany has guaran- 
- -ninimum payment of $480,000. 
.. i^,,iration of the agreement — IS 
f. after the war— the county will rc- 
the buildings for cost less de- 
jtion at 7 per cent per year, 

Sod) a deal appears to be a nalxral 
ot bodi the county and the oil c 
‘-ay, a natural which e 
countless other com...u„.i,^». 

On the county side, officials poini 


n be followed 


.... will be made a 

IS men and materials are avail 
improvemrats which will nc 
c a financial burden for the tax 

. Perhaps as important to thes 

•felts IS the fact that managemen 
_-r — ,„i1ities will be someone else' 
feng the immediate postwar perio. 




wholi 


-.-uslry and the 
will be making 


unanimously agreed that estimated 
revenues to be derived from the cmi- 
tract will prove to be minimums; they 
feel certain the volume of business 
done will be much greater, for they 
have definite plans to make the airport 
a civic center widi well rounded recre- 
ational facilities that will not only 
generate their own profits, but will 
also attract customers to the flying 
activities. Gulf Oil Corp., which re- 
ceived a sub-concession for the sale of 
gasoline and oil, anticipatea that gaso- 
line sales will substantially exceed 
SM.OOO gal. yearly well before ex- 
piration date of the agreement. 

Richard fC. Benson, veteran fixed 
base operator who trained 2,500 Naval 
Aviation Cadets at Colgate University, 
has been named general manager of 
the airport. Part of the activities on 
which he is already working concern 
establishment of an aeronautical col- 
lege to embrace all phases of aviation 
training. 

Te Hove Aere Cellege 

"It is our intention to make this 
school much more than a flying school 
in the usual sense." he declares. “The 
course of instruction will anticipate the 
rapidly changing developments in 
aviation, not only with respect to 
greater speed, but also the manifold 
new designs which will shortly be 
coming out of manufacturers’ research 
laboratories. The curriculum will in- 
clude training in all types of new and 

unconventional air equipment, includ- 
ing. helicopters. This, of course, means 
we shall be able to give employment to 
many highly trained specialists upon 
their return from military service.” 

Not ,-iJI the employment will be con- 


fined to sales and service of the fixed 
base and flying club operations, how- 
ever, for it is expected that scheduled 
airlines operations will be con du cted 
from the field. One major airline, for 
example, has conducted a survey which 
showed that some 35 percent of its 
business now leaving New York's La 
Cuardia Field originates in West- 
chester County. Thus, it is expected 
that at least some schedules <-xw be 
routed from the field, with shuttle serv- 
ice taking the remainder to and from 
LaGuardia and, later. Idlewild air- 

Additional opportunities for indi- 
vidual enterprise— and additional em- 
ployrment — will be available ; for North 
American Airport Corp. does not plan 
to wield any monopoly on aircraft 
sales and service, flight training, 
charter or rental services, or other fly- 
ing activities. As a matter of fact, 
such a monopoly would probably be 
impossible so long as the pcditical 
tenor of the area remains favorable to 
competition. And that competition will, 
in all probability, be continued on a 
high standard since the county retains 
the final word on selection of .sub- 
concessionnaires, and of other oper- 
ators. on the field. 

Although Westchester County is 
unique in its very high per capita 
wealth and location near the vast 
market l»cklog provided by New York 
City, it is felt that the operating prin- 
cipals set forth in the agreement can 
be applied with little or no modification 
in any sizable metropolitan area — .say 
at Pittsburgh. Chicago. St. I-ouis. San 
Francisco, or other such cities — and 
with perhaps no more than a general 
financial scaling-down for lesser popu- 
lation centers. 

Even for smaller cities or good sized 
towns, fixed base operators, chambers 
of commerce, or other civic groups, 
might well explore the possibilities of 
similar tie-ups, for there is every indi- 
cation the major oil companies are 
more than academically interested in 
the development of personal flying. 





TIMKEN 

TAPlKEoWuia BEARIM6S 


W^cever it is ... a low-priced helicopter that moves at a 
finger’s touch ... a sleek, swank skylioer purring tbiovgh the 
night ... or any one of a scote of other ships for tomorrow’s 
sky . . . there is a Timken Bearing to give it lighter weight, 
compactness, radial and thrust load-carrying capacity. 


The Timken Roller Bearing Aircraft Series have these ail-impor- 
tant aircraft qualities, as well as assured smoothness of operation, 
conservation of power, endurance, and economical mainmnance. 
Our engineers will be glad to specific recommenda- 

tioos. The Timken Roller Bearing Company, Canton 6, Ohio. 


Sbwm M right ar« two of the Trmktn Boormgt de- 
lignad tspteioUf for Mtrtrofl applicotiomt. Top; doublo 
row propetUr blado-foolborimg btarhtg; brlow lypUai 
tight wight — boavy capaeity — atroraft btarimg. 
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T BK AiaCKAFT HANUPACTUaiNU 
plan of Junkers Flugzeug-und- 
Motorenwerke A. G., of Dessau. 
Qennany. has for many years 6gured 
tly in German civil and mili- 
tion. Junkers transports were 
ted by the Lufthansa airlines 
[be war and have formed the 
of the Luftwaffe transport 
ion in its operations from the 
mean to Russia. 

Wien German military air power 
unleashed over Europe, a semi- 
junkers military development 
tir force officials of all nations 
onscious of the potentialities of 
gie-bombing. This development was 
Ae Junkers Ju-87 Stuka dive-bomber. 

defences. Another Jankers mili- 
aircraft which has gained con- 
'ddmble attention is the high per- 
:knnance Ju-BS twin-engined general 
^srpose bomber. Both of these aircraft 
' hre been equipped with Junkers Junto 
311 engines and, with some exceptions. 
Jimkers hydraulically-operated constant 
^eed propellers. 

Ahhou^ Junkers airplane and en- 
fbe design and production had bm 
eoensive before 1938. it was not until 
ibea that the first experimental pro- 
doction models of a Junkers designed 
cnWrollable propeller appeared. Pro- 
tection of this propeller indicated a 
tesire of the Junkers firm to avoid the 
fateign patents under which they had 
km previously licensed W produce 
Aaerkan designed controllable pro- 
pdkrs in Germany, A recent announce- 
■mt that a Junkers Jumo 004 gas tur- 
ktee was being used in th^JK^r- 
kmitt jet propelled fighter vB^tes 
U advances in design development 
ire not been hindered by the war. 
Standard non-conernllable Junkers 
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Design Progress 
On Junkers 
Hydraulic Propeller 

8y JOHN D. WAUGH. P»,^//.r Oir.. Cwiwh'tight Corp. 

EtegiM*ri»g details nvoalinq eensfrucHen and aporofipa of alr> 
serpw widply pspd by L uf lwal f p. uhowliiq PvolyNen up to Baal stoqo 
of dovolopmont. 


propellers had featured dural or mag- 
nesium blades held in a one-piece hub 
by screw Ihrmds on the blade root and 
in the hub socket These propellers 
were adjustable on the ground, and in 
addition to dural and magnesium 
blades they could be fitted with hollow 


metal and wooden blades. To obtain 
better engine cooling with the gjound- 
adjnstable propeller, blade cuffs were 
used to determine the blade shape most 
desirable for satisfactory cooling, then 
blades with the selected shank form 
were made and put into use. Fig. I 




Is i Junkers graph of the cooling cAect 
of flared blades orer non-flared t^pes. 

As originally designed the Junkers 
controllable propeller consisted of a 
single-piece hub having magnesium or 
compressed wood blades. Blade actua- 
tion for pitch change was acomiplished 
by an oil-operated gear motor attached 
to the front of the hub and geared to 
the blades by a spur and worm reduc- 
tion gearing system. 

Psflfa Clieag as 

By 1940 British authorities had 
made a thorough investigation of a 
production model Junkers which had 
been on a Stnka shot down in England. 
Their study disclosed that the Germans 
had already made several design 
changes, possibly due to operational 
demands or ailments. Further gearing 
had been added to raise the gear reduc- 
tion to 2-to-l, and counterweights had 
been put on the blades to relieve the 
twisting moment to low pitch. 

Recent examination of a 1943 model 
Junkers disclosed that major changes 
had been made whi^ completely alter- 
ed the pitch change gearing. This 
chaise had been made earlier but had 
not been so completely embellished with 
detail redesign. Several inlennediate 
models having minor modifications in- 
dicated that the Germans either were 
really striving for improvement or 
jnst liked to tinker with various ideas. 
The fact remains that Junkers propel- 
lers are still largely confined to Ju-87, 
Ju-8S, Ju-188, and Dornier 217 bom- 
bers while the VDM electrically oper- 
ated propeller continues to be installed 
on the rest of the LuflwaflTe's first- 
line aircraft. 

Se v e r a l conditions contribute to this 
disparity in total installatioRS. All the 
above mentioned aircraft except the 
Eiomier use Jankers Jiuno 21 1 engines, 
to which the Junkers propeller is parti- 
cuiarly adapted, while the VDM is 
adaptable to any engine. Also the 
VDM has had a much longer service 
record, baviog been originally develop- 
ed before 1935. Fig. 2 diows two 
installations of the Jnnkers prcqidler, 
one on a radial engine, the other on 
an in-line power plant. 

Prepeder Operatlea 

Fig. 3 shows operation and construc- 
tion of the 1940 model ; a later descrip- 
tion will cover the features of the 1943 
model to point out the design changes 
made in three years. 

Power for piteh change is obtained 
from an engine driven governor in- 
corporating a spur-geared oil pump. 
Oil lines from the governor, which is 
mounted on the rear of the engine, lead 
to the propeller through a rotating 
joint in the propeller shaft. Cored pas- 


sages. through the pitch lock assembly 
in the hub, direct oil to the oil motor 
in the pitch change power unit attach- 
ed to the front of the hub. Oil pres- 
sure at approximately 170 psi, is di- 
rected through one side or the other of 
the oil motor, depending upon which 
direction pitch change is required. The 
oil under pressure passing dirough the 
two helically-toothed gears comprising 
the oil motor causes them to rotate 
and thus establish a moving gear train 
to the propeller blades. 

A drive shaft splined through one 
of the motor gears and extending out 
of the front of the motor housing is 
fitted with a small spur gear which 
meshes with a large gear to provide a 
2-to-l reduction at this point. The 
large gear is fixed to a shaft which 
extends throu^ the other motor gear, 
emerging at the rear end of the motor 
housing with a small gear which 
meshes with the internal spur gear 
teeth of the coordinating ring gear. 
The outside, of the ring gear has helical 
teeth whkh engage one of the gears on 
each of three intermediate transverse 
shafts. 

A second helical gear on ea^ of 
these shafts meshes with the final drive 
to the blade, which consists of three 
more transverse shafts equipped with 
worm gears meshing directly with 
worm wheel teeth cut in the main blade 
adapter. The motor-to-blade redaction 
ratio thus obtained is 1,548:1. A com- 
pound worm gear r^uetkm system 
such as diis is mechanically very in- 
efficient. especially for a propeller. The 
Germans apparently realized this, as 
will be shown by subsequent descrip- 
tion of a later, improved modeL 

In the hollow center of the propeller 
hob, a pitch lock, (K) in Fig. 3 ts 
fitted. This pitch lock consists of a 
cored magnesium casting incorporat- 
ing a transverse rotatable sleeve inclos- 
a relief valve. The sleeve is posi- 
tioned so that a spline shaft connecte<l 
to one blade adapter causes the sleeve 
to be rotated when the blade angles are 
chained. Slots in the sleeve come into 
registry with the high and low pitch 
oil passages when the pitch lock comes 
into action. 

This action is required because the 
hydraulic governor U connected to the 
throttle in such a manner that sudden 
opening of the throttle when the blades 
are in low pitch would cause over- 
speeding.. '^us, in operation, when 
the throttle is closed and die blades 
rotate to a predetermined d^ree of 
low pitch, the sleeve uncovers passages 
so that low pitch oil pressure is by- 
passed into the high pitch line, neutral- 
izing the gear-motor and stepping 
blade rntatin- 1 . 

In this position, if the engine is given 


a sudden burst of power there wih 
sufficient blade angle to absorb 
speed increase. When the throttle 
closed and the engine speed d 
causes operating oil pressure to ( 
below 7 psi.. the by-pass valve cl 
and the blades move to rest against 
low pitch positive stops integral w 
the base of the blade socket. 


The Junkers hydraulic govetno 
.shown in Fig. 4 provides die o:' 
sure and constant speed operation 
the propeller. It consists essentially 
an oil pump, distributor valve wiffi 
spindle and ball flyweig^its, and •. 
spindle loading spring. The spindb 
spring is load^ directly by a selects 
control for flight positions sucb a 
takeoff and cruising, and it is loade 
automatically by linkage from th 
engine throttle through a differentij 
gear. 

Body of the governor is made up c 
several magnesium castings bolted tr 
gether. The base, which is boiled I 
the engine, contains the low and hig 
pitch oil passages leading to the pre 
peller The oil pump section just ateve 
the base houses the two oil pump pin- 
ions. one of which is driven by ai 
gear in a housing extension for tix 
engine drive to the governor. One pin- 
ion of the gear pump carri 
cruciform mounted on a flat plate and 
separating four free flyweight 1 
Over this assembly is fitted the i 
housing which contains the selector 
valve, relief valve, and oil passages for 
directioiv distribution of pitch changt 
oil. The lower end of the selector valrt 
spindle fitted in its sleeve is made w 
a cone to fit over the flyweight halh. 
The upper end of the spindle fits the 
loading spring housed in the top 

Contained in the top casting 
differential gearing that links 
engine throttle and over-ride selector 
control to the rack which impinges on 
the selector valve spindle toading 
spring. Quite elaborate for a gover- 
nor loading device, the gearing is com- 
prised of epicyclic gears, a dashpol. 
cam, and coil spring. The two levers 
for tlirottle and selector 
through the grearing to the 
via different gear trains 
selector control lever may 
to over-ride Hie throttle setl 
the throttle lever is moved, 
rotates a cam linked to the shaft by > 
torsion spring. Attached to the 
is a piston fitting a dashpot integral 
with the housing. Thus, no matl« 
how fast the throttle lever is moved, 
the damping action of the dashpot de- 
lavs the final transmission of movc- 
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In operation, oil enters the inlet side 
of the oil pump front the propeller re- 
turn and engine supply, passes through 
the pump ami inst a relief valve to 
annular passages around the selector 
valve spindle sleeve. Under this con- 

tion to flow to the propeller, or if the 
governor is in neutral, or •‘on speed” 
position, the relief valve by-passes the 
oil to the inlet side of the pump. 

The ball be.aring type flyweights 
fitted inside the cone-shaped end of the 
selector valve spindle move outward 
under the influence of centrifugal force. 
Therefore, if engine speed increases to 
the point that the balls push against 
the sides of the cone and cause the 
spindle valve to rise against the pres- 
sure of the loading spring, oil from the 
common delivery annulus will be di- 
rected to the high pitch side of the 
nropelliT to 1 ‘rtFcci an engine Inad and 
bring the governor hack to the constant 
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lit the inner adapter threads are re- 
Ipid of bending loads. Threiula on 
Itaotsi'le of the main adapter receive 
iMHtertveight ring which is threaded 
imeallr to contain the locking ring 
0 arbicji impinges on the bronze adap- 
g eone. The counterweight, a blo^ 
rflkd, is held to the ring nut by bolts, 
ftptrrti oil seals in the rim of the re- 
limBg nut prevent oil leakage, 
rower Uai» 

Fitting on the front of the hub, the 


speed condition which is desired. 

Conversely, if engine speed drops, 
the spring pressure will be greater 
than the effect of the flyweights and 
the valve will drop to uncover the low 
pitch passage to the propeller. The oil 
pressure.generated by the pump is ap- 
proximately 170 psi., and there is a 
rate of flow of about 11 gaL per min. 


Machined (f.a.o.) from a one-piece 
molybdenum steel forging, the Junkers 
hub is cadmium plated. Bell-mouthed 
blade sockets are provided at their 
outer tntemal lip, with buttress threads 
to receive the blade retaining nut. 
Machined in the base of each blade 
aodcet is a bearing recess for the inner 
journal bearing of the main blade 
adaptor. Also machined integrally 
with the base of each blade socket are 
the projections which eng^e bjocks 
fixed to the blade butt, thereby limit- 
ing the low pitch blade angle. A bole 
bored through the base of one blade 
socket allows a small splined shaft to 
engage the butt of one blade and the 
rotatable valve sleeve of the pitch lock 
which is housed in the hollow center 
of the hub. 


The hollow hub center is made pos- 
sible by dispensing with the usual 
splined propeller shaft. Hub attach- 
ment is therefore accomplished by 
Hirth-type serrations on the rear face 
of the hub. these serrations mating 
with similar teeth on the flange face of 
the engine shaft Eight studs in the 
hub rear face project through the 
engine flange and retain the hub. A 
large synthetic rubber sealing ring is 
fitted between the rear hub face and 
engine flange to prevent leakage from 
the hub, which is bathed internally 
with oil at a slight positve pressure. 
The front face of the hub has a flange 
to receive the gearing apertures cut 
into each of the hub sockets so that 
the drive worms will contact the blade 
adapters. 


Fabricated from Heine-process com- 
pressed beechwood, the blade is screw- 
ed into a tapered steel adapter. Butt 
of the blade is sealed by an aluminum 
disk sprung into the adapter. Inner 
end of the blade adapter has V-type 
threads which screw into the main 
blade adapter, which is a steel shell 
incorporating worm teeth on its inner 


rim, an integral bearing ledge for the 
thrust bearings, and a bearing surface 
for die outer journal bearing. Inner 
journal bearing consists of a double 
row of ball bearings held in races 
which fit into the bearing recess in the 
base of the blade socket and over an ex- 
tension of the inner end of the main 
blade adapter. 

The thrust bearing is composed of 
bronze caged roller bearings seating 
against the adapter bearing ledge. The 
centrifugal loads carried by these bear- 
ings are transmitted to the hub by tbe 
retaining nut which screws into the 
blade socket, forming the outer tbmst 
bearing race. Just above the thn« 
bearing, a bearing surface around tbe 
main blade adapter, and loose roller 
_ fitting into a bearing groove 
the retaining nut, form the outer 
journal bearing. Both bearing surfsees 
forme d from the main blade adapter 
are case hardened and ground. 

Itmer lip of the main blade adapter 
is beveled to receive a bronze cone 
which is wedged between the main 
adapter and blade adapter to prevmt 
the latter from unscrewing and tbe 
blade becoming detached. This cone 
secures the top of the blade adapter so 


ain to the blades. The oil motor 
I essentially of two hollow-steel 
Ukally toothed gears enclosed in an 
um alloy housing. Apparently 
te helical teeth are intended to pro- 
smoother drive thao spur teeth 
allow a slight oil seepage which 
lenld prevent oil sluggishness at low 
tsperatures. Roller bearings support 
■ch end of the oil gears in their hous- 
One of the motor gears with 
al spline teeth drives a shaft 
with a small spur gear which 
8 with a larger gear. This large 
gmt is keyed to a shaft extending 
ftroogh the other (hollow) motor 
par and emerging at the rear end of 
te motor equipped with a small spur 
{car. An extension of tbe rear of the 
Bolor housing carries the coordinating 
riaggear which has internal spur teeth 
B mate with the motor drive spur gear 
Fha external helical teeth to drive the 
fnt stage of worm gear reduction. 

coordinating ring gear, construct- 
ed of two pieces rive^ together, b 
■ounted on ball bearings. 

Tbe worm gear reduction system is 
kted into a solid magnesium alloy 
cuing finished all over. First stage 
cf three worm shafts is equipped with 
I bronze worm and mounted in tiie 
using with ball bearings, while the 
xcoad series has bronze worms keyed 
a place and equipped with roller bear- 
ngi for radial loads and ball thrust 
karings for the thrust loads imposed 
riien rotating the blades. The entire 
redaction assembly is fitted into the 
recess in the front face of the hub so 
that the final drive worms engage the 
■onn teeth on the rim of the main 
Made adapter. The motor assembly 
over the gearing and is held in 
place by retaining bolts. A magnesium 
dow shell fits over the entire power 
•art and is sealed to prevent oil leak- 
age- 

^TIk propeller which we are concern- 
'd in 1943 by Junkers and a subcon- 
Wetor whose markings were not iden- 
fibed. Four principal design changes 
noted: The entire oil motor and 
gear reduction assembly were 
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changed, the hub components were 
altered, and the blade assembly and 
governor had undergone modification. 

This unit was fitted to a 1,200-hp. 
Junkers Junto 211 engine in a Ju-88 
twin-engine bomber. It is a three- 
blade right-hand tractor propeller 1 1 
ft. in dia. equipped with wooden 
blades. In external appearance this 
model appears to be almost identical 
with the previous desigrn. Only the 
shape of the oil-motor dome ha« been 
changed. Whereas it was formerly 
semi-spherical it now somewhat re- 
sembles the outline of a German sold- 
ier’s helmet. Close examination indi- 
cates that the blade counterweight size 
has been increased and a new type 
finish has been applied to the hub. 

Oil motor and attendant gear train 
comprising the power unit has under- 
gone the most complete redesign of 
any component. The oil motor itself, 
consisting of two pinion gears, has 
been retained in principal, although 
straight spur teeth are now used 
instead of ^e helical type. Spur gears 
on the front of the motor are still used 
to provide an initial reduction, and 
they transmit their drive by a shaft 
extending through one of the oil motor 
gears to the rear of the motor housing. 
From this point to the blades, an epi- 
cyclic gear train has been interposed 
to supplant the former worm gear sys- 
tem. Drive gear at rear of the motor 
housing meshes with the involute teeth 
of a ring gear bolted to a cage carry- 
ing three planet pinions. These planets 
fit over and rotate around two sun 
gears, one of which is fixed to the hub 
and the other a sleeve gear free to ro- 
tate relatively to the fixed gear and 
the hub. This rotatable sleeve gear 
has. at its inner end, bevel teeth which 
mesh with the teeth on the main blade 

to the blades. S 8T 

Construction features of the power 


unit may be noted in Fig. S which 
shows the motor and gear train explod- 
ed and the parts in relative position to 
one another. A heavy cast dural dome 
featuring an oil drain plug fits over the 
entire assembly and is held to the hub 
by bolts. The motor housing is bolted 
to the inside of this dome, while the 
main reduction gearing is fixed to the 
hub. The oil motor housing is fabri- 
cated in two pieces of gray cast iroiv— 
in contrast to the previous model's 
aluminum alloy housing which was 
approximately half as heavy. TJie oil 
supply tubes screw directly into the 
rear of the housing and are led to the 
motor gears by cast-in passages. 

The housing cover, which also acts 
as the front support plate for the motor 
gears, is made of cast iron and located 
in position by two dowels and secured 
by through bolts. The motor gears 
are supported on each end by roller 
bearings and are equipped with roller 
thrust bearing^ contained in a race 
similar to a washer. Both gears are 
bored through their centers. 

UbssmI Weight leereesM 

One gear, though, is hollow, which 
is rather incongruous, considering the 
extreme weight increases over the pre- 
vious model. This hollow gear has 
been featured in all the Junkers models 
for reasons not clear except, possibly, 
to the Germans. The effort to reduce 
weight by this small item might be 
worthwhile if the theme of design was 
lightness. As it is, a 1-lb. solid steel 
shaft has been used to fill an alternate 
gear drive passage, although the plug 
carries no stress and hence such prac- 
tice does not seem reasonable. 

Exactly how the one motor gear is 
made hollow has long lievfi a contro- 
versial matter. The inside diameter 
of tbe hollow gear is so much greater 
than the opening in the center of the 
integral shaft that a complicated ex- 




pending tool would have to be used U 
the interior was machined. However, 
a certain roughness of the interior indi- 
cates that the gear could have been 
centrifugally cast by a highly uniform 
process. Even if this was done the 
value of the result is questionable. 

A series of spur gears on front of 
the motor provides initial speed reduc- 
tion and drives a shaft carried in the 
body of the motor housing on a double 
row of loose roller bearings. The spur 
gear which is driven by the motor 
meshes with a case-hardened ring gear 
drilled around its rim with lightening 
holes. This ring gear is attached to 
the planet cage by six bolts. The planet 
cage is a solid aluminum alloy machin- 
ing of thick section. Planet gears are 
mounted in apertures milled in the 
periphery of die cage on hollow pins 
pressed into the cage u/alls. 

Three rows of loose roller bearings 
run on the shaft and in the planet, and 
they are separated by small spacers. 
Two steel bearing races are pressed 
into the front and rear of the planet 
cage so the cage may rotate on loose 
roller bearings having for their inner 
races the front of the fixed sun gear 
and the outside of the- blade drive gear. 
The fixed sun gear is dowled to Bie 
hub and has two ground, hardened sur- 
faces providing inner bearing races 
for the blade drive gear which fits over 
the fixed sun before it is secured to the 
hub. Loose roller bearings are includ- 
ed in this final drive as well as a flat 
thrust bearing washer containing small 
rollers. 

All steel parts in this power unit 
assemby have been treated with a black 
chemical strain having good penetrat- 
ing quality. Dural parts have been 
left untreated. Finish of all parts is 
not highly refined, and the fits of gears 
and bearing surfaces are not verv close. 


Fig. 6 is a view of the power unit as- 
sembled on Hie hub with the enclosing 
dome removed. One blade main adap- 
ter is installed in the hub socket and a 
complete retention assembly and coun- 
terweight is fitted with a stub blade. 

The oil motor shown at the from 
of the gearing in the schematic draw- 
ing of Fig. 7 has a 21 :4 speed reduc- 
tion in its transfer of rotational motion 
from the oil motor gears to driving 
pinion having twelve teeth. Pinion 
A drives ring gear B which has 62 in- 
volute teeth. Mounted on a pinion shaft 
at the periphery of B is planet gear C 
of eleven teeth. Planet C mesh« with 
the fixed sun gear D of 39 teeth and 
movable sun gear B having 42 teeth. 
Final drive to the blade is made 
through bevel gear P, integral with 
gear B and equipped with 36 teeth 
which mesh dire^y wiHi the blade 
gear C of 40 teeth. 

Heb DMiqa SlnHar 

As may be observed in the drawing 
and noted in the following calculation, 
the greatest speed reduction occurs at 
the point where planet C rotates around 
the sun gears D and E which have .a 
differential of three teeth, causing gear 
E to rotate .1/42 of a revolution for 
evert- revolution of gear B. 


the reduction ratio from the oil n 
to the blade. 

TTie hub remains essentially the 
same as in the original model, except 
that the pitch lock in the hollow cen- 
ter has bMn eliminated and the drilled 
hole in the base of one socket is not 
present. Also, the front face exten- 
sion has been modified to receive the 
fixed sun gear and blade drive gear. 

Lightening holes have been drilled 
in both the front and rear face of the 


hub, and it is nerted Htat some of ibes< 
holes have been filled to achieve bal- 
ance. In machining the base of the 
blade socket, positive stops have bm 
left integral with the hub and bronte 
inserts pressed into the recess in tb; 
base to provide a liner for the out- 
side race of the inner journal hearirg 

Although no provision for spinner o; 
de-icing fluid distribution had bee^ 
made, such equipment may readily be 
atUched. Spinner diaphragm 
is achieved by ring straps bolted 
around the rim of each hub .tockei 
The straps incorporate a thick rnetai 
section containing holes to receive dia. 
phragm retaining bolts. The diaphragm 
has a sliding ring which typifies Ibt 
flerman quick-detachable spinner as in. 
troduced by VDM. In contrast to fix 
VDM propeller which has holes drilled 
directly into the hub socket walls to 
retain the spinner, no holes of am 
sort are drilled in the Junkers hob. 
If de-icing is desired, a pickup flange 
is installed on the rotating blade at the 
cone locking nut- The interior and 
exterior of the hub has been treated 
with a black chemical stain and the 
exterior lias been coated with dark 
green palnt- 

•lede CeaateacMoB Vertm 

Redesign is also evident in the blade, 
too; for construction of the later unit 
differs from that of the previous model. 
Compressed wood is only used in the 
shank portion which screws into the 
blade adapter. The compressed wood 
shank is spliced to the blade proper 
by tapered laminations. The mass c( 
the blade is composed of approximately 
14 lamiitotions of natural wood boar^ 
consisting of all sorts of odds and ends 
of wood glued together by a pink 
cemenL There is no uniformity of 
grain or maintenance of quality. Oc- 
casional knots are- noted. 

Possibly this use of all grades of 
wood is due to a conservation policy 
stemmii^ from a lack of materials— t 
lack also indicated by the use of poor 
quality wood laminated and glued to- 
gether to form the stock of the stand- 
ard German Mauser rifle. 

The whole surface of the blade is 
covered with a coarse mesh fabric 
next to the wood. Tacked to the lad- 
ing edge of the blade is a strip of fine 
mesh copper gauze tiT which a brass 
leading edge sheath is sweated. Ex- 
cept for the leading edge sheath, dx 
blade is totally covered with a cdlo- 
lose acetate sheet about I’s*'''' 
applied to the blade under pressora 
An enamel and the usual dark green 
paint completes the covering. This 
type of wooden blade protection, orig- 
inated by the Schwarz Propeller Co- 
before the war. has proven to be s 
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airly satisfactory treatment for the 
(oodeii blades. Except for a few speci- 
aiens most blades have shown that the 
covering has foir abrasion resistance 
jod good adhering and moisture-ex- 
:liKltng qualities. 

The blade retention system has un- 
dergone a few modifications but has 
remained basically the same in design. 
\s has been described, a bevel gear 
bbde drive supplants the former worm 
drive. This change has necessitated 
bevel gearing on the main blade adapter 
which extends around half the inner 
edge of the adapter. Bottom of the 
ufapter, channeled to fit over the posi- 
tive stop in the socket, is fitted with 
adjustable plugs for pitch adjustment 
It the feathered and low pitch posi- 
tions. The inner journal bearing 
which had been fitted with balls is now 
sued with roller bearings in a cage 
which may be disassembled when the 
dural preload nut and steel washer se- 
curing it are removed. 

A dural plug is screwed into the bot- 
tixn of the adapter and locked. The 
main thrust bearing still consists of 
roller bearings in a bronze cage riding 
t^inst an integral bearing ledge on 
the adapter and ^;ainst the adapter, or 
Malle, retaining nut. A dural ring nut 
screws into the retaining nut to com- 
press the oil seals. 

The bronze blade adapter locking 
enne is tightened against the blade 
adapter and main adapter by a nut 

nug. The counterweight ring Sts the 
threads on the outer lip of the main 
adapter. The coimterweight itself has 
been increased in weight to the point 
that it has been calculated that the 
twisting moment created by the weight 
agtunst the centrifugal twisting ino- 
tient of the blade amounts to 40 per- 
cent of that of the blade. A mark on the 
rim of the counterweight ring coin- 
cides with degree markings stamped 

the hub so that blade angle position 
nay be easily determined. Fig. 8 is an 
end view of the retention assembly, 
with the power unit dome removed and 
the main adapter upended. 

The constant speed governor has 
Wn modified by a simplification of the 
cooirol head and the addition of a 
feiihering pump, motor, and valves. 
The method of loading the oil distrib- 
«ing ipindle valve spring by a series 
of epii-yclic gears from the control 
iri-ers has been supplanted hy a .simple 
rack be.-iring on the spindle spring, and 
eper.-ition is by a pinion rotated hy a 
Fulley wheel, A cntble from the gov- 
ernor control is attached to the pulley 
^ causes it to rotate when the control 
u nxived. A positive stop and adjust- 
vept are provided in the control head 
•o secure limits of operation. The oil 
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pump, consisting of two spur gears 
drivoi by an intermediate gear direct 
from the engine mounting pad, has not 
been changed, nor have the ball-type 
flyweights and cone-bottomed distrib- 

However, an additional housing has 
been added to enclose two helically 
toothed feathering oil pump gears. 
This feathering oil pump is independ- 
ently operated by a reversible Bosch 
electric motor controlled by the pilot- 
to featlicr .and unfeather the propeller 
when such action is desired. Auto- 
matic valves in the housing direct the 
feathering oil to the propeller* and 
render the constant speed system in- 
operative when they come into play. 
Inclusion of a feathering system in the 
constant speed governor has resulted 
in a complicated, bulky governor unit, 
but this has consolidated the two func- 

Rwpped Iwt Heavy Unit 

The Junkers propeller is heavy, 
weighing appro.xiniately 42S Ih,, and if 


does not show the generally thorough 
German ile.sign practice. Intermediate 
models nut covered in this examination 
of two propellers, with distinctly dif- 
ferent features, have exhibited various 
and sundry experiments apparently di- 
rected at improventent. While the spur 
gear reduction of the latter model is 
more efficient than tlie worm system, 
size of the blade counterweights has 
been increased to make up for lack of 
blade angle changing power. 

In its function of constant speed 
engine control, however, the propeller 
probably renders reasonably good and 
rugged, but not sensitive, service. No 
especially fine tolerances are observetl 
in the mechanism, but the loose hear- 
ing feature throughout is most likely 
a maintenance headache No part in 
the whole unit, with the possible ex- 
ception of the main adapter, is such a 
specialized piece of work a.s to require 
other than routine equipment and facil- 
ities. And, since no part appears dif- 
ficult to manufacture, production could 
be high if the propeller was desirable. 



Why More Than Two Engines? 

•y CHARLES H. HURCAMP, HW «f S*. n>mt. 

Ait plm OlT^ Gmli im Wrtgit C«tp. 

TMs •xpliclt powvr distribwHo* oMlyiis MotatalM Mot cqacil safety 
yiM yr^at w r pr»Et for tho op o rofor proelodo a oso of ■ y oofor 
■— bor of pewor ptaafs. 


be operated for some tinie to come, but 
they will be joined by newer models 
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V iKTUALLY ALL transport air- 
planes in use today, either on 
commercial airlines or in mili- 
tary service, are two-engfine or four- 
engine craft. Single-engine machines 
are at present excluded by CAA regu- 
lations from night operation with 
passengers, and no single-engine air- 
plane may in the future be licensed 
in the transport category. 

Moreover, the trl-ei^ine, quite 
popular about IS yr. ago, has disap- 
peared from the scene. This type was 
quite uncomfortable for both crew and 
passet^ers because of the noise, vibra- 
tion, and sometimes fumes from the 
nose engine. Pilot visicm was some- 
what obscured, especially with the older 
engines which had a habit of throwing 
oil on the windshield. 

By far the greater number of airline 
hours have been logged by two-engine 
craft Prior to this war, a few four- 
engine transports were in use ; after 
this war a great many more will be 
availably for scheduled operation. In 
addition to the tvpe operated before 
the war, at least two new models de- 
veloped during the hostilities will be 
introduced to airline use. In the two- 
engine category, the models in wide 
use today will no doubt continue to 


of increased efficiency. Among these 
will be the Curtiss Commando. This 
airplane, representing the largest two- 
engine transport constructed to date, 
is competitive in size, load-carrying 
ability, and performance with current 
four-engine designs. 

Before proceeding with the initial 
design of the Commando prototype, a 
thorough investigation of the four- 
engine Qipe was made. At that time, 
engines in the 1,500- and 2,000-hp. 

category were in the early design 
stage. It was, therefore, assumed that 
transports designed to carry from 30 
to 40 passengers would require as 
many as four engines of the size then 
available. However, in 1937', when the 
successful development of engines in 
the higher power category teemed 
assured, Curtiss-Wright decided to 
proceed with the two-engine type. This 
decision was based on conclusions* 
which included the points titat — 

1. Safety of two-engine and four- 
engine transports when operating over 
land, as in the United States, is essen- 
tiaUy equal. 

2. For a given size airplane requir- 
ing a certain total horsepower, the 
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payload performance and operweg 
costs are ^1 the optimum when the air- 
plane is designed to incorporate the 
fewest number of the most powerful 

engines available and suitable. 

3, A four-engine airplane must be ai 
least one-third larger Chan a two-engine 
plane of the same type in order to have 
equal efficiency based on payload ratios, 
performance, and operating cost per 
payload unit. (This conclusion is 
somewhat substantiated by E. P. 
Warner. See Ref. 4 and Fig. 2.) 


and the Commando prototype design 
was initiated, CAA l^islation— pax- 
ticularly section .04T of CAR-^ias 
been placed in effect which is more ad- 
verse to two-engine aircraft than to 
four-engine. The influences of thcM 
regulations on the design of two-en^ae 
aircraft will be discussed in detail later, 
but briefly th^ primarily concern one- 
engmt <nti operation. 

Obviously, the greater the number 
of engines, the less severely these regu- 
lations affect the design. It is intended 
herein to prove that for an inter- 
mediate size of airplane intended for 
airline operation in full compliance 
with existing CAA regulations and 
designed for a given load capacity, a 
two-engine airplane is equal in safety 
and superior to a four-engine airplane 
in performance, operational economy, 
and "proBt-^ility” for short and in- 
termediate length trips. It will be 
freely admitted that for long range and 
over-water operation, the four-engine 
airplane is superior. 

It might be argued that the relatnt 
safety of transport airplanes is mess* 
ured by the magnitude of their margim 
over minimum CAA requirements. As 
previously stated, these regulations 
deal primarily with "one engine oat* 
operation regardless of the number of 
engines. As an absurdity, it wonid be 
ridiculous to assume that a twdve- 
engine airplane is safe provided it css 
get by the regulations with one-engine 
out, not with two. However, we are 
dealing only with a comparison of two 
vs. four. Unfortunately, since the 
great majority of airline operation 
has been with two-engine equipiwnt. 
we are unable to look over the record 
and make a comparison. 

However, statistics on accidents ai- 
tributable to power plant failure show 
these points: 

I. According to the Civil Aeronon- 
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tia Journal of Oct. IS. 1943, average 
figures for a five-year period from 
1938 to 1942 inclusive show that 6.89 
percent of all accidents in domestic air 
carrier service were due to power plant 
failure. Of these, 5.23 percent oc- 
curred during takeoff. Of all domestic, 
isttmational, and territorial accidents, 
862 percent were due to power plant 
failure, and of these 7.62 percent oc- 
curred during takeoff. 

2. During the most recent three- 
year period, according to CAA rec- 
ords. there were 174 cases of complete 
o^ne failure, including ten cases 
occurring during takeoff. None of 
these cases involved an accident. 

3. In 1942 there were 22 cases of 
power plant failure, none of which re- 
sulted in an accident. Of these, four 
were cases of complete engine failure 
daring takeoff, or one for every 
23,000.000 mi. of flying. (Ref. 5.) 

4. The largest proportion of fatal 
airline accidents occurring within a 
four-year period between 1939 and 
1943 has been due to a combination of 
bad weather and faulty piloting tech- 
nique ; only one known case has been 
attributed to engine, equipment, or 
airframe failure. (Ref. 4.) 

As far as the human element is con- 
cerned, it can be argued that pilotii^ 
difficulty is increased in direct propor- 
tion to the number of engines. For 
this reason, four-engine airplanes 
operating over long-range routes usu- 
ally carry a flight engineer in addition 
to the pitot amd co-pilot. While the 
pilots are thus relieved of a great many 
^es. the necessity for coordination 
in case of an emergency is greater, 
which is an addition to the Flight 
Captain’s responsibility. 

Perkins (Ref. 2) has delved into the 
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laws of mathematical probability as 
they aftect the chances of a forced 
landing due to power plant failure. 
His study was based on failures occur- 
ring during normal flight at cruising 
power. Here are his conclusions: 

"Assuming a single power plant to 
have a reliability of 500 trips per fail- 
ure, multi-engine airplanes are many 
times more reliable than single engine 
ones (provided they can fly on less 
than all their engines) approximately 
in the following multiples: 

(A) Four-engine airplane capable 
of maintaining a given altitude with 
three engines-~65 times. 

(B) Two-engine airplane capable 
of maintaining a given altitude with 
one engine — 240 times. 

(C) Four-engine airplane capable 
of maintaining a given altitude with 
two engines — 6,500 times.” 

A well designed four-engine air- 
plane should be capable of meeting 
condition (C) and thus be 27 times as 
safe as a two-engine airplane, which is 
required to rneet condition (B). How- 
ever, if the airplane is designed to a 
minimum margin over CAA require- 
- ments, it does not have to better con- 
dition (A) which makes the two- 
engine airplane 3.7 times as safe as 
the four-engine airplane. 

This analysis is based entirely on 
engine failure during cruising flight. 
It assumes that the engines are oper- 
ating at 60 percent power until failure 
occurs and that thereafter the power of 
the remaining engines varies as the 
square root of the ratio of the number 
of engines operating before and after 
the failure. Thus the power of the re- 
maining engine on a two-engine plane 
would be M percent times V2, or 85 
percent after failure of the other plant. 


Genera] practice is to load transport 
airplanes “up to the hilt” for takeoff. 
Assuming that both two-engine and 
four-engine«airpIanes are loaded so as 
to have zero margin over CAA re- 
quirements. the two-engine airplane is 
mathematically safer on the takeoff, 
according to an analysis made by Rob- 
ert Newton of the Curtiss-Wright St 
Louis Plant engineering depar tm e nt 
His analysis assumes that all engines 
operate at takeoff power before failure 
and the remaining engines operate at 
takeoff power after failure of any one. 

He concludes that the two-engine 
airplane requiring one-engine for take- 
off is six times as safe as the four- 
engine airplane requiring three-engines 
for takeoff. This result can be derived 
from Perkins' analysis (Ref. 2} by set- 
ting equal to unity the factors which 
express dependence of the probability 
of engine failure on power output. 

A four-engine airplane losing two of 
its engines on one side is at a disad- 
vantage because the centroid of thrust 
is proportionately further outboard 
than that of a two-engine machine, re- 
quiring greater rudder deflection and 
resulting in higher drag. It would 
thus be a rare case where a four-engine 
airplane loaded to a point of compara- 
tive economy with a two-engiue air- 
plane couid be 27 times as safe. 

Critical CAA regulations affecting 
the design of aircraft in the transport 
category deal with takeoff, landing, 
and enroute operation, and may be 
summarized as follows: 

I. Takeoff, (a) The rate of climb 
with any one engine inojrerative and its 
propeller windntilling, and with the 
other engines operating at takeoff 
power, shall be at least .035 times the 
square of the stalling speed of the air- 
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craft with flaps at takeoff setting; (b) 
the niinimttm length of airport rimwajr 
from which the aircraft is permitted 
to be operated is determined as fol> 
lows: Assmning that the takeoff run is 
started at full power and one engine 
stops at the most critical ina'ant of the 
takeoff, it must be possible either to 
continue the flight b; climbing out 
over a 50-ft. obstacle with a wind- 
milling propeller on the dead engine or 
to bring the airplane to rest within the 
confines of the field, whichever dis- 
tance is greater. In case of climb-out. 
retraction of the landing gear is begun 
at the instant of leaving the ground, 
but feathering cannot be started under 
a 50-ft. height. Takeoff speed must 
be at least 120 percent of power-off 
stalling speed and 110 percent of speed 
for full directional control. 

2. iMding. (a) The minimum 
length of airport runway is determined 
from the distance measured from a 
height of 50 ft. above the ground to 
the point of bringing the aircraft to 
rest; at the instant of passing the 50- 
ft. altitude, approach speed must be at 
T^t 130 percent of stalling speed, with 
flap setting such that the rate of climb 


with takeoff power will be at least .07 
times the square of the stalling speed. 
The landing distance so determined 
must not exceed 60 percent of ffie 
available runway length, (b) Stalling 
speed with flaps set for landir^ must 
not exceed 80 mph. and with flaps set 
in the “approach" condition, must not 
exceetl 85 mph. The “approach” con- 
dition — at least .04 times the square 
of stalling speed — -is defined as includ- 
ing a flap setting which will allow the 
aircraft to maintain a rate of climb 
with one engine inoperative, remaining 
engines at takeoff power, landing gear- 
retracted, and propeller of dead engine 
feathered. 

3. llMroiile Operation. With one 
engine inoperative and its propeller 
feathered, and the remaining engines 
operating at maximum power for con- 
tinuous operation, the rate of climb 
must be at least .02 times the square 
of the stalling speed at an altitude of 
1 ,000 ft. above the highest terrain en- 
countered in the line of flight, or a 
minimum of 5,000 fL above sea level.' 

In general, the two-engine transport 
is more critical for condition 1 (take- 
off) than for condition 2 (landing) in 


regard to rate of climb limitations. 
The reverse is true of a four-engine 
airplane unless, as suggested (Ref. 3), 
the fuel carried is more than that re- 
quired for a flight of 1,100 mi. Thus 
the difference between allowable grees 
weight for takeoff and landing will be 
appreciably greater for the four-engine 
airplane, making it possible to add fuel 
without decreasing pay load to a man. 
datory upper limit of IS percent over 
landing gear design gross weight 
Stalling speed requirements usually lie. 
come more critical for four-engine air- 
plane than for two-engine. 

Let us now make a direct coini>ari- 
son of a two-engine and a four-rngine 
airline transport, both designed for the 
same specific purpose. This is consid- 
ered to be absolutely fair, since an 
operator, in choosing between two and 
four-engine equipment, is assumed to 
have in mind one particular type of 
operation incorporating a reaconahle 
range of trip lengths, a given maximum 
amount of payload per trip, and a wish 
lo purchase equipment which will 
operate at maximum economy, bring in 
the most revenue, and realize the high- 
est profit on his investment. 

TTie specific example taken for com- 
parison is the Curtiss Commando, de- 
signed to carry a maximum payload of 
ahwt 5)4 tons including seating ac- 
commodations for 36 pa-ssengers. Al- 
though Ae Commando is designed as a 

I>oen possible to design the same type 
of airplane around four-engines. It will 
lie assumed that the latter arrangemmt 
has been carried through the design 
stage and that we are asking the oper- 
ators to choose between the two. We 
will, therefore, present alt the evirlence 


comparison can then be made 
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landing gross weight is 
Suited by the C.A.A. “approach climb” 
ctoditioii for the two-engine airplane, 
ildiough stalling speed (80 mph.) is 
larly as critical. The stalling speed 
bnitstion does affect the four-engine 
lirpUne, lowering the permissible 
ight slightly due to the effect 
nacelle and windmilling pro- 
pdkr interference on maximum lift. 

Maximum takeoff gross weight of 
Eich airplane is limited by the CA.A 
’okeoff climb" condition. That of the 
airplane would be limited 
ED 15 percent over the landing weight 
itbe landing gear structure were de- 
sipied tor landing gross weight. It is 
aBumed. however, that the landing 
structure can be designed for a 
b^er weight if necessary. 

ikdown of weight empty is 
Tabic I. accompanying this 
ankle. The increase of 1.650 lb. for 
■he four-engine airplane is due pri- 
mriiy to the power plant items, but 
some extra weight in the 
engine mounts, cowling, wing 
Btucture, and equipment. 

This weight-empty penalty means 
that die four-engine airplane will not 
be aMe to carry iu full design payload 
ortr the normal range of operation. 
Sbee its landing gross weight is lim- 
ited by stalling speed, the question 
arises as to what can be done to remedy 
flis condition. The obvious thing is to 
decrease wing loading by the addition 
d wii^ area, since it is assumed that 
6e Baps operate at high efficiency. 

Ib order to equalize payload, it is 
«ssary to increase the landing gross 
•eight to 48,500 lb. This will require 
m increase of 74 $q. ft. in wing area, 
vhich can be accomplished by adding 
lift, to the span of the constant-chord 
tenter panel. Characteristics of the 
‘chine will be changed 


, !' The weight empty figure has been 

S. ««a»dby215 1b. totakecareof the 
increased wing area. 

The two-engine Commando has been ^ro''yn^ically the four-engine 

designed to meet or exceed these speei- Ij^ve a slightly higher 

fications. A four-etigine version would ^"“efficient due to the nacelles and 
also meet these requirements, the o''*y area. This has been esti- 

basic change being in the power plants. ** representing an increase in 
Using four currently available engines 

having the same total power output ^ f®r<ood n. trip ItapHi, two- end 
those in the two-engine plane, the fol- craft of sen* total pewar. 
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parasite drag area, "f”, of 2.34. Na- 
celle drag IS increased tjy 66 percent 
and total airplane drag by SJ'S percent 
Cooling drag is approximately equal 
as total m.e.t.o. power is the same. 

Propellers uscil on each installation 
arc as follows; 



Fig. 1 shows tlie superior cruising 
speed performance of the two-engine 
airplane. This is due only to drag fac- 
tors since the cruising power is equal. 
Cruising speed is plotted against gross 
weight, so that allowance can be made 
lor the fact that die four-engine air- 
plane operates at a higher takeoff 
gross weiglit. 

Fig, 2 show-, the airport runwav 
length required lo meet CA.A “one 
engine out” oi>eralioii. Here, the four- 
engine airplane siiow's up advantage- 
ously for operation out of smaller 
fields, due to the fact that it loses only 
25 percent of its power against 
50 percent of that of the two-engine 
craft. 

Tlie latter, liowevdV, is within the 
specified length, requiring only 5,100 
It, at sea level when taking off at 
maxinntni gross weight. Full power 
takeoff distance is lower for the two- 
engine plane because of its lower gross 
weight, takeoff power being equal. 

For this comparison the gross 
‘veight of the four-engine airplane is 


figured for full payload plus fuel for a 
500-mi. trip. Fig. 3 shows a compari- 
son of "operational ceiling” according 
to the aforementioned CAA require- 
ment for enroute operation. Assuming 
the same total power and altitude 
ratings, the three-engine ceiling of the 
four-engine airplane is superior to the 
single-engine ceiling of the two-engine 
airplane. Tlie latter, however, is 
superior to the two-engine ceiling of 
the four-engine machine, assuming two 
engines out on one side. 

For an economic comparison, the 
ATA method of computing direct oper- 
ating cost has been used, the only ex- 
ception being that effect of possible 
headwinds on cruising speed is omitted. 

Fig. 4. shows a contpari-on of pay- 
load plotted against trip length. Maxi- 
mum payload capacity of each airplane 
18 just under 5.50 tons (11,000 lb.). 
This is based on 36 passengers, bag- 
gage, and all available cargo compart- 
inenu loaded to a density of 9 Ib./cu. ft. 
The two- and four-engine airplane can 
each carry this full payload, the former 
to a trip length of 250 mi., the latter to 
1,000 mi. 

From 250 mi. and on up, the two- 
engine plane must sacrifice payload for 
fuel, but the four-engine airplane never 
reaches its maximum allowable takeoff 
weight with full payload up to 1,000 
mi. This assumes that the landing gear 
structure is designed for landing gross 
weight, limiting the takeoff gross 
weight to IS percent additional. If the 
four-engine airplane were not restricted 
in this manner and allowed to operate 
at 57,000 ib. gro.ss weight, it would be 
able to carrv its full payload on trios 
up to 1,575 mL 

Direct operating costs per ton-mile 
are compared in Fig. 5. Here the two- 
engine craft operates at a lower cost 




up to 520 mi., where it becomes equal 
to the {our-eiigine. 

A new basis for forming economic 
comparisons has been recently tlevel' 
oped by E. P. Hall, head of the trans- 
port analysis section of the Curtiss- 
Wright St. Louis Plant, engineering 
department. 

He reports that “it has been apparent 
(or some time that direct flying costs, 
in themselves, do not form a satisfac- 
tory basis of comparison for transport 
aircraft. A precise e c onomic compari- 
son would involve the net profit before 
taxes per airplane hour per dollar in- 
vested in the aircraft, which can be 

roH-ililet per hour x (^Revenue per 
loH-mOe — Total operatiug cost per 
Cost” 

The total operating costs of an air- 
plane are generally broken down into 
four classifications: 


Aithotigh the ATA method of com- 
puting direct flying costs is reasonaMy 
accurate for comparative purposes, 
there is insufficient data availaUe at 
this stage of air transport development 
to be able to draw precise conclusions 
on how the different types of aircraft 
atfect the burden costs. However, it is 
fairly well established that any varia- 
tion in burden cosu favor the two- 
engine airplane, i.e., the two-engine 
aircraft will have lower indirect flying 
costs due to reduced spares, lower cost 
ground facilities, etc, while there is no 
reason to believe that G & A and T & A 
costs per tmi-mile would vary due to 
the type of aircraft operated. 

It is therefore believed conservative 
to compare the two- with the four- 
engine airplane <m the basis of gross 
profit from direct flying operations per 
airplane hour per dollar invested in the 
aircraft, which can be expre sse d ; 


Ton-miles per hour x (_Revenue Per 
Ion-mile— LHreet flying cost per fon- 
Airplane Cost 

The gross profit comparison is illus- 
trated in Fig. 6, which shows that the 
two-engine airplane pays higher re- 
turns per unit of investment than the, 
four-engine at trip lengths of less than 
500 mi. According to a route analysis 
of domestic airlines made by the Cur- 
tiss-Wright department of business re- 
search. taking Sept. 1940 as a typical 
prewar monthly period, route segments 
or “trips” of 500 mi. and under repre- 
sented 84.7 percent of all passenger- 
miles flown by 14 major airlines in 
United States. These figures were de- 
rived from the CAB Station-to-Station 
Survey of Sept. 1940. 

Eight of these airlines had no route 
segments as long as 500 mi. Granting 
the probability that there will be an in- 
crease of long range hops in the post- 
war period, it is believed that there 
will be a correspondingly greater in- 
crease in short trips. 

It is therefore concluded that the 
average domestic airline con operate 
more economically, bring in the most 
revenue, astd realise the greatest profit 
on its investment by the use of two- 
engine equipment rather than four on 
medium range flights. 

In the foregoing comparison it has 
be e n assumed that the four-engine air- 
plane will not carry a flight engfineer 
as an extra crew member, although it 
is a widely-held opinion that this 
provision may be necessary regardless 
of trip length or type of operation be- 
cause of the added complexity of power 
plant adjustments and instrument read- 
ing. If a flight engineer were included, 
the economic aspect of the four-engine 
airplane would be adversely affected 
by both the weight and the pay of this 
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This effect has 
analysis because it 
of indirect cost an' 
net profit rather than t> 
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an appreciable part 
mechanical reasons. 


Certainly no one will argue the fact 
that the two-engine airplane is a sim- 
pler proposition from a mechanical 

standpoint and will require appreciably 
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Bell Micoftm wvB 

S INCE THE DEVEinruENT of Sev- 
eral practical helicopters in 
America, there have been many 
ujuraents between more Of less well- 
afonned experts, concerning the per- 
branoce of rotary wing aircraft. 
Iluse discussions have filled our news- 
P^ers and technical journals until 
assy readers have been left bewil- 
<lere(L 

UncontroUability, lack of stabiliQr, 
BaD weight-carrying capacities, and 
*bw top speeds are some of flie 
barges leveled against present-day 
™aiy wing craft, frequently by those 
'aft^iar with design problems in- 
ured in the development of a sads- 
betory vertical-flight machine. These 
“Bsations are partiadly true, but the 
of the helicopter should not be 
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perfection is not equal to that of a 
fine Swiss watch. 

It is but a little over three years 
since Igor Sikorsky successfully dem- 
onstrated the VS-300, and much prog- 
ress has resulted — a favorable com- 
parison to the progress of fixed-wing 
aircraft during the three years after 
the Kitty Hawk flight. 

And we can expect a more rapid 
presentation of a safe and econmnical 
vertical-flight craft, since much of the 
needed basic knowledge now exists as 
a result of the efforts of designers and 
engineers of fixed and rotary wing 
types. In spite of added complications 
of transmission shafting and unusual 
engine locations, helicopters present 
similar problems, structurally, to those 
of fixed-wing aircraft; however, 
lighter structure is possible with con- 


sequent gain in efficiency dirough 
more central grouping of component 
weights and with elimination or re- 
duction of high tail-loads as exist on 
the frozen-wing type. 

Aerodynamically, a more perfectly 
streamlined fuselage is permitted by 
elimination of need for ffiiring of 
wings and tail surfaces; by reduction 
of size, and incidentally weight, of 
landing gear components ; and by use 
of buried power plants. Here, then, 
the designer has a better chance to 
produce construction that is efficient 
both structurally and aerodynamically. 

Desipa CeitpreailMs 

Aircraft designs — the high-speed 
helicopter not excepted — are compro- 
mises between factors which deMrmine 
the characteristics of the machine. 
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and as yet, designers o( veitical-fiigbt 
craft are not ag r e ed on what charac- 
terizes good design. The best solu- 
tion to date seems to be to select the 
diaracteristic most desired ^ the 
prospective purchaser and to modify 
ocher characteristics to suit. 

This might produce a craft with 
large lifting capaci^ and good climb, 
but with poor high-speed flight char- 
acteristics; or an exnUent high-speed 
craft with poor load -carrying ability. 
A narrow viewpoint might condemn 
either as being unsuitable, yet both 
will have distinctive uses. 

Upon examination of the charges of 
uncontrollability and lack of stability, 
it seems that the first thing is to decide 
just what amount of control we need 
in our craft The problem of achieve- 
ment of static and dynamic stability in 
forward flight is similar to that of the 
airplane, and is comparatively easy to 
solve by the use of small auxiliary 
surfaces, hence will not be considered. 

The best hovering stability would 
seem to be when the machine can be 
flown hands-off, if necessary, but with 
perf^ controllability when needed. 
Some type of gyroscopic device— a 
development of the automatic pilot, 
perhaps, or the tank gun stabilizes— 
to control the cyclic pitch of the rotor 
in hovering with hands off, plus a 
quick release mechanism for instant 
controllability, might be the solution 
for this problem. A gyroscopic device 
has been used by Arthur Young of 
Bell Aircraft in his helicopter design, 
and he reports excellent results. 

At the Jan. 1944 rotary wing air- 
craft session of the Institute of The 
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Aeronautical Sciences, Mr. Young 
showed motion pictures of bis experi- 
mentation with models and the culmi- 
nation of these experiments in the Bell 
helicopter with its remarkably stable 
rotor. His final model showed fine 
free-flight stabili^. He also achieved 
the sometimes difficult feat of trans- 
posing scale model results to a full- 
scale craft 

Close observation of bis helicopter’s 
hovering flight revealed none of the 
distressing lateral or longitudinal mo- 
tions noted in several other craft. 
Therefore, it would seem feasible to 
manufacture a machine with this type 
of device, capable of the required sta- 
bility and controllability for safety. 

Weight-carding capacity is a de- 
sign compromise which may be varied 
to suit the need of the user. At pres- 
ent, the payload of one helicopter in 
the 6,000-lb. gross weight class and 
using an engine of about 45Q bp., is 
about 1,800 Ib. This is a development 
of about 70 percent of the efficiency of 
an equivalent airplane. 

Hlgb-Spood Pocten 

Although it is possible to increase 
engine horsepower and rotor diam- 
eter to obtain as large a lifting capac- 
ity as desired, the over-alt efficiency 
of the craft will suffer. However, for 
city delivery service and short hauls, 
this sacrifice might be unimportant, 
since this type of hdicopter might be 
compared with the modem motor 
truck. Here we use a low horsepower 
engine and sacrifice rapid accelera- 
tion to lAtaia vehicles which are more 
functional in design. 



■he blades and letting them flap in 
rotation, or by feathering them cyclicly 
in a sinusoidal manner, to give equal 
lift about the disk. 

Flapping and feathering can be 
proven to be aerodynaniically equal; 
however, the flapping blade with an 
unequal lift per blade during rotation 

tion at the root of the blade in the 
thrust per blade. This variation causes 
an exciting force which gives ex- 
tremely bad vibration in a vertical di- 
rection. Since this vibration is causeil 
by the flapping action of the blades, 
which increases with forward speed, it 
is seen that the craft would soon be- 
come uncomfortable and even unman- 
ageable* at comparatively slow for- 
ward speeds. 

These flapping angles can be con- 
trolled by including a cocked delta 
hinge at the root of the blade, which 
causes a decreased pilch angle with 
increased flapping angle. This, how- 
ever, is similar in action to partially 
feathering the blade; therefore, why 
not use a feathering rotor in the first 
place? This type of rotor with equal 
lift around the disk does not present 
the bad vibration problem of the flap- 
ping rotor at higher speeds; further it 
eliminates lateral tilt of tbe rotor. 
This might eliminate some clearance 
problems in design. Also obviated is 
the possibility of the rotor getting out 
of step (the blades having unequal 
angles between them) in the event that 
one wheel should strike the ground 
before the odier — as exists with the 
flapping rotor. 

Ground resonance, as this is named, 
has made more than one craft ex- 
tremely unmanageable and in recent 
demonstrations has created an unfor- 
tunate impression concerning the util- 
ity of rotary-wing aircraft These vi- 
brations have occurred in several types 
of rotor arrangements, but the side- 
by-side or fore-and-aft counter-rotat- 
ing craft have an additional problem. 
In a manner similar to that of multi- 
engined aircraft, tbe synchronization 
of the propellers— or rotors in this 
case — is difficult to achieve and hard 
to maintain without gearing. 


Methods et night 

In the achievement of high speeds 
we want to be as economical as pos- 
sible and utilize horsepower in the 
most efficient manner. The criterion 
for a fine aerodynamic fuselage shape 
is well established and applies equally 
to high-speed helicopters and to fixed- 
wing aircraft. Landing gear may be 
retractable and air intakes well-faired ; 
but these are questions of conventional 
aizcraft design. Let us examine the 
three methods of flight or attitudes by 
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means of which rotary-wing craft 
can achieve translational flight : 

(1) Autogiro — Rotor axes tilted 
rearward to the direction of flight, for- 
ward-driving propeller, no power sup- 
plied to main rotor or rotors in flight. 

(2) Helicopter — Rotor axes tilted 
forward in the direction of Bight, nu 
forward-driving propeller, power sup- 
plied to main rotor or rotors. 

• (3) Helicogyro or Helicogyre*' * 
— Rotor axes vertical, forward-driving 
propeller, power divided as needed be- 
tween main rotor (or rotors) and pro- 
peller. 1%!$ type can fly in the same 
manner as cither ot those mentioned 
in (1) and (2). 

Now in which of these attitudes is 
a rotor most efficient? Let us set up 
a yardstick to measure the relative ad- 
vantages for the purpose of a high- 
speed helicopter. If the conception is 
that the rotor is an actuator disk which 
passes a certain aniount of air at a 
certain velocity for a given thrust, the 
amount of power required will depend 
upon the rate of flow through tbe disk. 
This rate of flow is dependent upon the 
airfoil section and the direction of the 
approaching air. To put our yard- 
stick in the form of a question — is the 
flow over die airfoil most efficient in 
the examined attitude, and does our 
blade section operate at a good L/C 

The autogiro rotor in translational 
flight has the rotor axis tilted rear- 
wards, causing an additional drag 
component due to thrust. As the angle 
of tilt varies from 2 to 8 deg. in high- 
speed autogiro flight, it is seen that a 
rather large penalty is imposed upon 
this rotor, which makes it unsuitable 
for obtaining high efficiencies. The 
backward tilt and reversed flow also 
cause the airfoil sections to act in a 
variable-direction airstream and con- 
sequently in an extremely inefficient 

At first glance the forward-tilt-axis 
helicopter would seem to be much 
more efficient, because, for practically 
the same amount of power as for hov- 
ering. a slight dlt affords a targe for- 
ward thrust component. Unfortu- 
nately, as the forward speed increases 
to higher values, this is not the case; 
as with tbe autogiro, the blades again 
operate at angles of attack which are 
not best for good efficiency. Nature 
always exacts a price for that which 
she seems to give freely. 

Now look at tbe helicogyro. The 
main rotor axis is vertical, and the 
blades operate in a plane approxi- 
mately parallel to the airstream. Here 
we can see that their L/D ratio would / 
he superior to either of die other 
methods, which, indeed, has proven to 
be the case. j. A. J. Bennett*. V. 



MODIFYING SUPERBOMBERS 

ON THE PRODUCTION LINE 


AHAMS, Chairmom. Coa^to/, Div,. B9ti Aircnt! Carp, 

Sendiaq ■*29'« off tlio final assombly lino ready for battio iostood of 
G •nodifieatien eontor is Hio order of the day af SoH's Marietta 
plant. Hero's the system which qets essential changes on planes 
In mimimum time. 


T kol’Ble^me axo exPENSiVE. in- 
deed, are those burdens which 
fall lo the lot of the aircraft 
manufacturer when he is compelle.1 to 
produce in quantity a product sub- 
jected to almost daily change. At the 
b^inning of the war. the modification 
center was devised to as.sist the manu- 


facturer in his job of producing — at 
once- — the combat airplanes that were 

This scheme was activated without 
endangering production figures, which 
were then being carefully nursed up- 
ward. It was hard to believe, how- 
cxer, that this manner of doing things 


could not be improved upon. Hone 
sense would seem to prompt question- 
ing of the practice of building up onlj 
to tear down — especially in the face of 
shortages of material, of time, and d 
manpower. 

The Georgia Division of the Bell 
Aircraft Corp., engaged in the prodoc- 
tion of Boeing-designed B-29 Su|ier- 
fortresses, has endeavored and suc- 
ceeded in accomplishing what is be- 
lieved to be a decidedly progressive 
step towards a better solution. This 
is the accomplishment of m^ilicatioa 

To achieve this, it was necessary to 
superimpose a rapidly changing modi- 


Diagrammaln /«re»f thominf how Boll AiKrotl gets modHicatiom dictated by war raosire- 
mtr*t Into B-29 Sspe/fortrsnes diVectfr ok prodectisn tine with mlKlmwm a! Hmt. 





Scaiion production control pattern 
opon the regular production pattern, 
oiiich itself vari^ because of the 
r^nlar pre^ram of production changes 
—a process with which all airplane 
uoufacturers are familiar. This 
piactice of superimposition is difficult 
U)d exasperating, to be sure, but it 
itaes produce results. The incorpora- 
tuo of modifications in this manner 
iDows the manufacturer a very definite 
advantage in the dollars and cents 
department. 

More important than that, it permits 
him to deliver a combat-ready airplane 
b kss actual elapsed time between his 
N'o. I Station in final assembly and 
faal delivery. Economy is realized in 
dm elimination of the manufacture of 
■Bsecessary parts, in the installation 
d fiiese parts and, finally, in the re- 
moval of the same items to accommo- 
dut the modification-change installa- 
wn before the ship is ready for its 
missions. 

In the Georgia Division, some six 
months ago. the problem was first 
snacked by the formation of what was 
oiled the “Development E>epartment". 
Ibis was a separate organization and 
•"edy self-sustaining. It answered 
*™«ly to management and carried 
“^ete, within itself, the following 
™ts: Engineering (liaison), Plan- 
Scheduling, Production Control, 
P'Wcliing, Fabrkalion Shop, and 
iMtaOation Crews. 

Philosophy l>ehind the formation of 
9|ie of an organization at that 


time, was that the unit would be 
unhampered by connections with any 
of the more ponderous production pro- 
cedures and could act fast and on its 
own initiative. Its planning would 
embrace temporary tools only, tools 
that could be made in 24 hr. or less in 
its own shop and not necessarily any 
more durable than the requirements to 
make 75 to 100 parta. 
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the apot”. Id this latter functioD, the 
department’s liaison engifteers weold 
also carry the ball in substitutioas and 
alterations and perform the necessary 
contact work with Ae regular engi- 
neering depa rtm ent to assure final 
approval and coverage. 

Development planners had at their 
disposal also any of the fabrication 
iacilities of the main plant. To guaran- 

lar production items they used a 
special work order. Printed in yellow 
with a prominent red border — to make 
It easily distinguishable from the 
regular production form — this work 
order, through extensive publicity, was 
recognized by all personnel as a ”hot** 
item, to be attended to at once, re- 
gardless of any previous work load. 
After a few initial minor cases of 

■ >perate very successfully. 

Responsibility for further expedit- 
ing of yellow w'ork order parts was 
carried by development dispatchers. 
In the interests of speed, these dis- 
patchers had to be capable of reading 
and interpreting blueprints. Further, 
they had to command sufficient judg- 
ment to care for certain immediate 
work-order changes on their own 
Initiative when the occasion demanded. 
This is a dangerous practice and must 
be closely controlled, beyond question ; 
Imt with a picked body of men, not too 
large in number, it worked without 

The Development Production Con- 
trol Group controlled the issuance of 
the work orders and had ge n eral re- 
sponsibility for ordering all items nec- 
essary for the job. On outside pur- 
chased parts or materials not in regu- 
lar stock, a special procedure was set 
up to order directly through the regu- 
lar purchasing department. Of these 
.transactions, the regular material con- 
trol organization bad to be kept ad- 
vised. of course, but it was otherwise 
not directly concerned. 

Following this system, ordering on 
a modification priority, ordering in 
small initial lots, and with considerable 
expediting assistance from the local 
AAF Resident Representative’s office, 
some rather amazing deliveries on 
critical items were forthcoming. 

The Production Control Sectim was 
further respon sible for gathering these 
parts into "khs” and issuing Aem for 
respective airplanes. The term “lot” 
represents a complete bundle of parts 
necessary to install a modification 
change. Actually, a kit, in the great 
majority of cases, is done up in a 
paper bundle and transported m the 
point of installation. In this functioa, 
die Production Control Section had the 
faculties of its own cribs, storeroom, 
and transportatiozL— 


Engineering design information, as 
far as modific^ion changes are con- 
cerned, is forwarded to Bell from tiie 
Denver engineering office of the des^n 
prime contractor. The bundle received 
contains complete information for a 
change. This information is distrib- 
uMd to the regular engineering depart- 
ment and to die development depart- 
ment simultaneously — to the former 
for reference and future action and to 
the latter for immediate action. 

The interval between receipt of the 
information and the tentative deadline 
date for the incorporation of the 
change, previously set by the AAF. is 
much too short to permit any hesitant 
action. A schedtJe must be set imme- 
diately allowing sufficient time — so 
much for planning, so much for pro- 
curement of items and material not in 
stock, so much for parts fabrication, 
and an estimate for mockup, with its 
attendant part eorrecticn. AH the fore- 
going must take place in tiine to allow 
incorporatiati of the modification on 
the specified and subsequent planes be- 
fore they reach actual pre-flight opera- 


Mecbvp tasperfeaf Step 

Work orders are first issued for 20 
sets of parts, one of which is used for 
the modnip. This first installation is 
a vital step, for upon it hinges much 
of the procedure that follows. Changes 
designed by the design prime con- 
tractor are made on a B-29 built at a 
different source. Since all prime con- 
tractors do not build identical B-29's 
in the same chronological interval, a 
change designed for one is not com- 
pletely adapted to the other. By far 
the quickest, surest way to discover the 
extent of this variation is, naturally, to 
try to put the parts in place. Discrep- 
ancies often show up with alarming 
suddenness and in astonishing num- 
bers. Minor errors, too! variations, 
and omissions also become evident on 
the mockup. - 

Qose collaboration at the mockup 
between planners and liaison 
neers can accomplish necessary cor- 
rections as the installation progresses. 
Not only must work orders be changed 
to include the necessary adjustments 
but die remaining 19 sets of parts roust 
also be rapidly brought np-to-d^, for 
they must go into airplanes immedi- 
ately after the mockup is sati sfa c t or i ly 
completed — and they go to the hottest 
spot in the entire assembly line, namely 
to those airplanes which are rs^idly 
approaching the pre-flight line on the 

Modification in the pre-flight depart- 
ment. which is outside the factory 
proper, is naturally by the old process 
— t^t of tearing up a practicslly com- 
plete air^ane to install somediing dif- 



ATIATION, April, UK 


‘flATION, April, 1946 


ferent. Initially, this operation caaoot I 
be helped, for in plants of the size ell 
the Marietta facility, widi its attend | 
flow and with the urgency with whkk I 
the customer demands certain change 
the first planes to fall under the wue 
are invariably already outside ^ 
factory and well on the way to the fint 
engine run-up. What can be 
however, is to follow as quickly ■ 

assembly line. This minimizes fix 
number of those required outside fte 
factory proper. A primary objeefin 
is to make the interval between ffie two 
pickup points as short as possible. 

First installations in the factory ca. 
as a rule, be made with 5 of the first fat 
of 20 kits. Experience has shown flm 
IS installations outside, with the woA 
load prevailing, require about the «»i— 
time needed for procurement or fabri- 
cation of more parts. The next lots ti 
parts. SO-plane sets in number, an 
ordered on the same yellow pricnil; 
work orders immediately after provi^ 
of the mockup. If all goes reasonably 
well at this stage and the addirionil 
so sets arrive on schedule, another & 
vision of the total is made. SufBcioa 
kits are sent outside the factory for tbe 
remainii^ planes on the ramp and tbe 
balance is alloted inside the plant Is 
continue catching bombers moviig 
down the assembly line. 

While all this activi^ is in proceu. 
tbe regular engineering departnni 
observes the mockup, notes the correc- 
tions and substitutions necessary, ni 
prepares up-to-date engineering draw- 
ings. These are released officially Id 
the production planning departmcM, 
and the regular production cycle of fie 
main bodies of the organization is M 
in motion. The change is completely 
planned, permanent tools ordered il 
necessary, and the production conOci 
department proper goes about piwD- 
ing the parts in the regular manner. 

When this cycle is-complete and fia 
parts are being assembled at fiicii 
prescribed subassembly stations, u 
planned, the "Manufacturing SUp 
Effective Point” is reached — that b, 
the point at which the factory fiffi 
begins to incorporate the modificatiDa 
change by regular production methods 
In all cases, it is Ae responsibiU9 oi 
the devric ^men t department to "cany’ 
the change until this point has bees 

Because of the limited personnd d 
the department, mainly the dispatchiv 
group, it is a physical impossibility H 
exepdite more than a certain maximoD 
number of parts. Consequently, a snull 
group was es^lished in the proite- 
tion control department proper to oper- 
ate with priority work orders and « 
procure additional parts, as a sqipk- 

mentary measure, using regular pro- 


duction control dispatchers. By close 
coordination, it was possible to utilize 
this tributary both to supplement the 
ilevelopment department’s own short- 
ages and to establish another point in 
the final assembly line where the re- 
sponsibility might be lightened some- 
what. This is called the "Protluction 
Control Pickup Point" and falls some- 
where between the first pickup point 
in the factory and the “Manufacturing 
Ship Effective Point” 

Information secured in making the 
mockup is utilized by the development 
planners as an aid in compiling a dele- 
tion list or an itemization of parts 
which are either obaoleted by the 
modification or are to be held liack 
from assembly. This list is forwarded 
as soon as possible to the production 
planning department which, through 
its regular channels, puts the machin- 
ery in motion to halt further faUrica- 

nceded or which required alteration 
in location. 

After nearly six months of operation 
under the foregoing organizational 
boundaries, it was concluded that, if 
the modification job could be done by 
a unit separate unto itself, it should 
also be possible to accomplish the same 
job by separating each function back 
into its parent department. This was 
true provided one prime factor was 
observed, namely that comprising con- 
trol and coordination. Recently this 
redistribution of responsibility has 
been put into effect and a central board 
has been established to direct ail 
change incorporation, production a.s 
well as modification. 

Tliis board comprises represenlaiivc 
of the following departments; Produc- 
tion engineering, prodnetion control, 
manufacturing, pre-flight opierations, 
engineering, and Purchasing Manage- 
ment’s representative acts as chairman. 
The board functions primarily on these 
three major considerations; The 
proper scheduling of a change at the 
initiation; close status check during 
its evolution; and, when necessary, 
proper action while there is still time. 

In the few weeks since this plan was 
initiated, the results have been gratify- 
ing. It has been the means of discov- 
ering and remedying a considerable 
number of difficulties in change in- 
corporation before any trouble became 
acute. This has tremendous signifi- 
cance in the face of a production pro- 
gram having a tempo which is daily 
increasing. The history of change in- 
corporation at this plant, from the 
days of brute strength and blind faith 
in Providence, to the present condi- 
tion. in which we may t^e quite a siz- 
able amount of reasonable pride, 
rather closdy resembles the history of 
the Georgia Division as a whole. 
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A s FOR THE Qt-eSTiiiN OP simplify- 
ing the postwar laboratory (see 
Part 111. Mar. Aviatjom), we 
have barely scratched the surface of 
organizations and charts that might 
aid the aviation researcher. 

There have appeared to be much 
sitnilarity in automotive and aviation 
research organizations, inasmuch as 

ISS 


laboratories and engineering depart- 
ments in both fields. The main point 
of difference in the early postwar years 
will be the production trend ; that of 
the automotive industry will be 
towards mass production of identical 
units with few changes, whereas that 
of the aviation industry will be, in 
many cases, the development of rapidly 
changing prototypes and small quan- 
tity production. 

The organization within aviation 


laboratories will follow in c! 
details that in other basic industries, 
except that the emphasis will be placed 
on "applied” aeronautical researdi 
rather than on "basic” research, 
is the writer’s conviction that there 
exists such a fund of experien 
so many well-trained experts 
velopments in the basic Industrie 
as in alumintim, steel, glass, rubber, 
paints, etc., that the aviation indusm 
should, in most cases, organi 
"applied” research and apply the banc 
nraterial commercially available on ' 
market to the design problems s 
structure of the specified airplarw. 

Industrial aviation laboratories n 
be classified in three general divisions, 
as follows : 

1. Works laboratories exerting 
analytical control over materials, proc- 
esses. and product. 

2. Industrial laboratories worldiig 
on improvements in products and in 
process, tending to lessen cost of pro- 
duction and to introduce new products 
on the market. 

3. Laboratories working on pun 
theory and on the fundamental sciences 
associated with the industry. 

The first named class of "testhg’ 
laboratory is so obviously necessary is 
aviation, as in every other ir ‘ 
that practically all works are so equip- 
ped, and frequently each department ol 
a factory or each division of a corpora- 
tion maintains its own control tabor- 

Laboratories of the second dan. 
frequently termed "applied research’ 
or "development'' laboratories, hart 
been largely instrumental in forward- 
ing the introduction of scientific 
trol into industry. This second type 
probably represents the major portke 
of the aviation laboratories engaged is 
practical developments. 

The third or "basic research" class 
of laboratory is highly theoretical and 
is usually represented only by smaU 
groups of mathematicians within fiz 
present-day aviation laboratories and 
engineering departments. 

,\ combination of testing, devdnp- 
ment, and research laboratories m^bf 
present in varying degrees in the mas? 
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ee general forms of such indus- 


the pre 

titne. They arc as follows: 

a. Cooperative laboratories sup- 
ported by a group of manufacturing 
firms interested in a common industry, 
flie financial arrangements being oper- 
jted by means of a trade association 
(Example: American Institute of Bak- 
ing: there are no aviation counterparts 
It present). Inasmuch as aviation in- 
nlWs the design of proiliicts. highly 
competitive in nature under peacetime 

there appears little oppor- 
tunity of postwar cooperative research, 
onless such organizations as. say the 
AWPC. OSRD, etc., continue to func- 
tion after the present emergency. It 
is difficult to sec how the results of 
research and development work on new 
aircraft components in a cooperative 
laboratory could be allotted among the 
subscribers. 

b. Research institutes maintained bv 
an independent body, such as a uni- 
versity, but in which the research work 
itsdf is financed by industrial firms to 
whan the results obtained belong, this 
Snancing usually taking the form of 
mdustrial fellowships founded for 
specific Investigations CExamples: 
Mellon and Batteilc Institutes). 

e. Consulting research laboratories 
maintained as private ventures and 
arrying on research work at fixed 
rates or on a percentage basis (Ex- 
tmple: Arthur D. Little, Inc.). 

One method of enabling small firms 
to conduct their scientific work when 
they cannot afford to support an ade- 
quate private laboratory is undoubtedly 
to be found in a laboratory of the type 
of the Mellon Institute, which pro- 
vides the necessary conditions for se- 
crecy and individual control while 
applying the organization amt direc- 
tive ability which is beyond the re- 
sources of many small firms. 

In such a laboratory as this the 
manufacturer can arrange to have the 
work done by a man emploved by him- 
self, thus insuring that the manufac- 
turer alone obtains the result of the 
work, and yet the research man will 
nave the advantages of Institute con- 
tacts with other scientific workers: the 
availability of sources of information. 
Wh as a reference library; and direc- 
titM of the w-ork by ex|ierieneeil ad- 
ministrative officers of the laboratorv. 

Djdc Williams,"-* director of the 
uattelle Memorial Institute, states that 
•ch foundation “must give flu- 
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so as to be of the greatest practical 
value : and it must be ready to change 
the course of its work as good business 
judgment may dictate.” 

The research foundation also should 
protect the sponsor company’s inter- 
ests by retaining a proper conscious- 
ness of the value of invention and by 
assigning patents to the sponsor, by- 
avoiding dissemination of the sponsor’s 
trade information and details of re- 
search progress, and by being prepared 
to supply the proper publicity when it 
may be advantageous to the sponsor to 
do so. 

Before leaving the sidtject of coop- 
erative research laboratories, the 
writer feels that another reference 
should be made to Fred L. Whitney’s 
The Elements of Research.''* In this 
textbook he has dealt adequately with 
the whole field of research in educa- 
tion. It is a unique contribution to 
erlucatinnal literature inasmuch as 
Whitney has not only developed his 
material in a logical manner but has 


also inchulcd in this discussion a de- 
tailed explanation of all types of re- 
search with which the student of edu- 
cation will be faced, from the selection 
of the problem to the close of the com- 
pleted task. 

In some instances, industrial insti- 
tutions do not wish to undertake the 
direction or promotion of research 
work, and in such cases private con- 
sulting laboratories, such as that of 
Dr. Arthur D. Little in Boston, may 
be very valuable. A firm can refer 
a problem to such a consulting labora- 
tory. which will study the problem, 
undertake the necessary investigation, 
erect a model plant, and finally super- 
vise the installation of the process in 
the factory, charging a fee for its .serv- 
ices and undertaking the responsibility 
for the whole operatirvn. Mees 
points out that such an arrangement 
■‘provides the maximum security for 
secrecy and, if the laboratory is effi- 
ciently organized and managed, makes 
the development of new processes pos- 
sible to firms who could scarcely un- 
dertake them in any other way.” 
Ooafar af gasMreh Maaopalles 

There wa.s considerable danger — 
prior to the formation of efficient co- 
operative ,-ind consulting laboratories 
through which the small manufacturer 
could obtain, at a reasonable cost, de- 
velopments sufficient to keep abreast of 
the industry — that the large corpora- 
tions would monopolize the research 
field. J. D. Bernal, “■* of the Univer- 
sity of London, England, in 1939 de- 
cried the fact that "it is not competi- 
tive but monopolistic industry which 
[in 1939'] controlled die main applica- 
tions of science. Under monopolistic 
conditions, whether in the form of a 
single firm or a large number of firms 
with price fixing and process-sharing 
agreements, there is the possibility of 
expending large sums on research." 

Indeed in prewar Britain in 1939, 
“probably four-fifths of industrial re- 
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srarch, outside that carried on by the 
Government, was undertaken by no 
more than ten large firms. In Germany 
the position was even further devel- 
oped [before the present war], and 
the research laboratories of large in- 
dustrial combines, such as the I. G. 
Far ben Industrie, became more im- 
portant centers of research than even 
government or university institutions.” 

Existence of a monopoly eliminates 
many of the economic objections that 
hinder research carried out by small 
firms. The large scale of the opera- 
tions will insure that, however much 
individual researches fail to achieve 
commercial results, these failures will 
be compensated by the success of 

The very size of industrial research 
laboratories itself increases efficiency 
in that it makes cooperative research 
possible. The small one- or two-man 
research institutions represent prob- 
ably the most inefficiem way of spend- 
ing money on research. On the other 
hand, it does not follow that the larger 
the laboratory the more efficient it will 
be. There is probably an optimum 
size for any ^ven company or applied 

Orgenlant l sanI bpertonce Lacking 
la All o all LaAsratarls s 

As early as 1920, Mees,'"'* in bis 
classic on industrial research organica- 
tion, stated that as toboratories are 
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organized and experience gained in the 
type of laboratory suitable for different 
industries, it would doubtless become 
possible to lay out a definite scheme of 
organization for a laboratory suitable 
to the requirements of any industrial 
undertaking. 

Mees stated farther that in 1920 
it was possible to do this only in a 
most general way, and that it was de- 
sirable that those who had experience 
in the operation of research labora- 
tories should publish their conclusions 
in order to make the information avail- 
able to those whose duties it was to 
organize new undertakings. 

In die 22 yr. that elapsed before 
Maurice Nelles of the Lockheed 
Aircraft Corp. wrote on aircraft indus- 
trial research, apparently little had 
been published and not much gained by 
the frank collaboration of those who 
are engaged in the direction of labora- 
tories. As late as 1942, Netles stated 
that, in the designing of the present 
well-planned Lockheed Engineering 
Research Laboratory, "there were no 
precedents to follow for setting up an 
aircraft laboratory. Every step had to 
be based primarily on common sense. 
No job specifications existed by which 
men could be employed. In this respect, 
one bad to know that the men hired 
would be able to do the work. Even 
though many of die engineers selected 
had no prerions research experience, 
they developed into excellent research 


men. doubdess because they reacini 
favorably to their environment," 

A simplified factory and engineerinz 
organization chart was recently pre- 
sented by J. Haldeman to show the 
personnel distribution at Lockheed Air- 
craft Corp. for developing a new modd 
plane (Fig. 1). If a tight production 
schedule mal^ it impracticable to 
build an experimental model, then a 
static-test model and an engineering 
prototype are built in the Preliminai? 
Production E>epartment. Unfortun- 

closel’y follows the completion of (lx 
prototype and static-test airplanes thzi 
information from flight and static tests 
cannot be applied extensively to pro- 
duction drawings. Hence, a more 
conservative design is necessary, which 
leads to greater weight. These condi- 
tions result in a considerable numlxr 
of changes after release of the prodoc- 

"When such an expedited prograo 
for development and production of tbr 
first few airplanes of a new model and 
the full production of current modeb 
must be carried on simultaneously ai 
the I-ockheed Aircraft Corp.,” s»r 
Haldeman,”'* "the organization diz- 
grammed in Fig. I provides for han 
dling of the purely prototype work In 
certain groups, full production activi- 
ties by others, and a combination oi 
initial and full production bv still 
others.” 


Hall Hibbard, chief engineer of 
Lockheed Aircraft Corp., in his valu- 
able description of the 1940 Lockheed 
engineering organization (Fig. 2) 
gated that the three men directly re- 
sponsible to the chief engineer were 
the engineering manager, the chief 
project engineer, and the chief re- 
search engineer. "Each of these three 
men," in Hibbard's words, "is a little 
king in his own province. Each is a 
motivating force in the development of 
a new airplane, yet their paths lead 
tar apart and only converge again in 
tbe conferences with chief engineer 
and executives of the corporation.” 

One of the most important cogs in 
the intricate machinery of the 19-10 
Lockheed engineering department was 
the structures staff engineer and the 
staff doing various forms of research 
vork under him. It fell within the 
province of the structures staff engi- 
neer (who reported with other staff 
engineers, through the chief project 
engineer, to the chief engineer) to 

unduct research into the actual way 

m which the structure of the airplane 
"as to be fabricated. 

This staff engineer controlled two 
research groups — production and 
sfroctures. The production research 
poop was responsible for supervising, 
esordinating, and followii^ up all re- 
search activities being carried on in 
She shop. Such research projects as 
hie investigations of flush riveting, 
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spot welding, arc welding, forming of 
stainless steel and magnesium alloy 
sheet, the manufacturing potentialities 
of plastics, etc., fell within the province 
of this gfroup. The structures research 
group was primarily responsible for 
the development of improved struc- 
tures and, therefore, had to investigate 
all promising fields of research. This 
group was expected to supply informa- 
tion on problems, other than aero- 
dynamic, encountered in new designs. 
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supervise airworthiness and other 
structural tests, and conduct all struc- 

'The remaining five groirps shown in 
the chart under the structures staff 
engineer constituted the actual stress 
groups to enable him to assume re- 
sponsibility for the strength and effi- 
ciency of Lockheed craft structures. 

In next month's article (Part V), 
the writer will continue his discussion 
of aviation laboratory organizations, 
prewar and postwar, with a specific 
consideration of centralized vs. decen- 
tralized research organizations. 


ftaforencet to Part IV 
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SEE PROMISE IN PAPREG 

FOR AIRCRAFT STRUCTURES 

By OONSiDINE* C/I^inwmring O*porf w irf> Oovyiat Aircfo/# Co. 
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A EKONAUTICAr. ENGINEERS havo 

cautiously watched the advent 
of plastic materials in the air- 
craft industry, and into this new field 
they have extended their quest for a 


lightweig-ht high strength material. 
Aircraft fabricators readily accepted 
molded plastic materials in non- 
structural or secondary structural ap- 


the introduction of high strength pu» 
tic laminates that the engineer would 
consider the “new" plastic niateruls 
for primary structure. 

Tile Korest Products Laboratofj 
coined the term Papreg which has be- 
come a general term applying to ali 
high-strength, paper-base plastic laoi. 
nates built-up from numerous sheets oi 
impregnated paper, usually of the 
wood pulp variety, formed into a sc^ 
mass under heat and pressure of a hot 
platen press. 

To intelligently apply Papreg mate- 
rial to a primary structure, it is pru- 
dent to first investigate and study the 
physical properties of the material. 
Along this line, Douglas -Aircraft Co. 
undertook a laboratory program to 
provide sufficient specific data in tbe 
form of graphs, tables, and examples to 
basically define the strength charactet- 
istics of paper laminates and their cooi- 
binations with plywood. 

Ceasaweld Saiaplas 

Test samples used in the progran 
were fabricated from the high strength 
laminate (commercially labeled Cooso- 
weld by Consolidated Water Power & 
Paper Co.) built up of thin sheets M 
phenolic resin - impregnated paper 
(specification CPS-MPll). Curin| 
was in conventional hot presses at ap- 
proximately 325 deg. F. and 200 psi. 

Samples were fabricated in three 
groups: (1) Parallel-laminated, (2) 
cross-laminated, and (3) paralld- 



fig. 2. f/tMan tfiaelmaa. 
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laminated with indented surfaces. In- 
ieated samples were prepared utiliaing 
apiece of screening between the lami- 
ute and the press platen. Specimens 
*ere milled from laminated stock, par- 
allel to and perpendicular to the face 
rain of the nuUerials, as shown in 
Figs. 1 and 2. 

Twst MeHads 

Ultimate tensile strength, tensile 
I>dd strength, modulus of elasticity, 
Ptreent elongation, and Rockwell hard- 
wss were all determined with the 
“osUe coupon shown in Fig. 1. The 
spreimen was first Rockwelled in the 




filf. 5. Saariag Spac/maa. 
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grip length and was then ruptured in 
the Southwark-Emery testing machine. 
An automatic device — stress strain rc- 
corder-Templin type, serial 322— plot- 
ted a load-elongation curve simultane- 
ously with application of the tensile 
load. 

Magnitude of the modulus of rup- 
ture in bending was determined with 
the specimen shown in Fig. 2. Load 
was applied by the Southwark-Emery 
testing machine at two points sym- 
metrical al>out the specimen center. 
Thus the region between the load 
points was in pure bending. 


termine the specific gravity and absorp- 
tion of water and aromatic fuel. The 
soaking period employed in the ab- 
sorption tests was 24 hr. 

Fatigue life was checked with a 
tensile-type specimen loaded to 60 per- 
cent of the material’s yield strength as 
maximum load. Samples were run in 
a pull-pull type fatigue machine, and 
operated at a stress ratio of 6/1. 

MtrsJcal Prop*>^i** 

Physical properties of the material, 
as determined in the laboratory pro- 
gram, are given in Table I. Results in- 


ToM* I — PropsrWa s «f Castowwld 





^rain, accompanied by a wood-like re- 
daction in strength acroes the grain. 
Laminates which were inde nt ed tv the 
screen method, to obtain a non-skid 
surface, indicated a 38 percent reduc- 
tion in tensile strength as compared to 
the laminate with a smooth surface. 

The value of tensile yield as shown 


in Table I is defined as the stress at 
which a 0.5 percent deformation occurs 
in the gage length. This definition was 
arUtrarily used, rather than the nor- 
mal 0.2 percent offset method common 
to the aircraft industry, because of lack 
of a clearly defined yield in the plastic 
material. Experience with the 0.5 per- 


The modulus of elasticity is defined 
in conjunction with the above defini 
tion of plastic yield, as the slope of ih, 
line joining the origin and the yidi 
point (Douglas strength test. Repo, 
7700), which in the case of Con»ol 
{Turn to page 255) 


IS AIRPLANE STABILITY 
SUCH A MYSTERY? 
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A ccurate determination of the 
stability of an airplane is the 
^ most difficult problem a de- 
signer hices in calculating the charac- 
teristics of a new craft. This problem 
ills had the undivided attention of some 
ir best researchers and scientists 
orer the past few years, yet is still not 
completely solved. 

As super-speed aircraft become 
more the rule than the exception, stabil- 
ity and control assume such importance 
tot it is essential for all those con- 
nected with plane design to have at 
r fingertips the basic factors of 
aigbt dynamics. 

Some designers have come to feel 
-Jut the mathematical dynamics of 
Sight are too complicated, hence they 
may tend to steer clear of this phase. 
Some, working under this assumption, 
any be inclined — after incorporating 
certain basic features to insure that the 
^Dc will be slalieaUy stable — to as- 
nme that it will naturally be dynamt- 
rsffy stable. This thinking is. of course, 
iulty. 

In this presentation of conceptions 
ef some of the problems involv^, no 
originality for the formulas or theories 
is claimed. Rather, the author has 
drawn freely from the published writ- 
iogs of outstanding authorities* to as- 
semble this complicated material into 
readily understandable^ form to serve 


a thorough familiarization with 
Aifbt dynamics. 

Just what is meant by stability? 
BMically, there are two kinds — static 
md dynamic. An airplane is statically 
stable if any displacement from a given 
altitude sets up forces and 
■nomems tending to restore 
lirplane to its original 
attitude. It is dynamically 
^1e if the resulting motion 
is stable, that is, if any of 
•bo oscillations because ' of 
static stability are imme- 
iiately danrped out. 

Static stability, directly 
ptuponional to the slope of 
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the moment curve of the whole 
airplane, may be easily determined 
by running the appropriate wind 
tunnel tests on the complete model. On 
the other hand, dynamic stability must 
be tediously calculated from extensive 
wind tunnel tests, based on general 
(and occasionally misunderstood) as- 
sumptions. 

The basic intention in this analysis 
of stability will be to present a discus- 
sion and derivation of formulas for 
stability forces and moments. 

The nomenclature is that adopted by 
NACA, and agrees with the current 
European system. Early American 
textbooks on aerodynamic theory and 
early NACA publications do no agree 
in terminology, since a change was 
made in this country in the early 
thirties. 

The general equations representing 
the motion of an airplane are usually 
referred to axes which are fixed in the 
craft, and therefore move with it. 
Referring to Fig. 1, the origin lies on 
the center of gravity of the airplane; 
OX and OZ lie in the plane of sym- 
metry, and OY is perpendicular to it. 
The positive directions of the axes and 
.ingles arc shown by the arrows. These 
axes arc what are commonly referred 
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Fig. 1. FotiHr, 


to as right-hand axes, that is. positive 
pitch, roll, and yaw of the airplane are 
obtained in a right-hand climbing turn. 

Symbols used to represent the com- 
ponents of velocity and of angular 
velocity of the center of gravity of the 
airplane, together with the aerodyna- 
mic forces and moments are given in 
the accompanying table. Note that the 
linear velocity components are desig- 
nated as ti, i>. and u>. and that F will 
represent their sum, or the resultant 
forward velocity of the airplane. 

To completely describe all the forces 
and moments which are possible about 
the coordinate axes, a total 
of 36 aerodynamic force de- 
rivatives are necessary. 
These represent all possible 
combinations of forces X, 
y and Z, and moments Z., if, 
and AT, about all three axes 
of motion, in both a linear 
and angular direction. For- 
tunately the symmetry of the 
airplane about the XZ plane 
causes 1$ of these derivatives 
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In addition, since the changes are 
small, V, p. and r do not materially 
affect X; Z, or M. while also «, vn. and 
q do not affect Y, L. or N. These elimi- 
nalioos leave only the remaining 


(X.Z, JO X <«, ».») 

and JO X (., p, r) 

The first group completely describes 
the motion in the XZ plane, and de- 
termines the longitudinal stability. The 
second group determines the rolling 
and yawing motion in lateral stability. 

We will first consider the derivation 
of the straight force derivatives. 

The most obvious force is that which 
acts forward in a positive direction 
along the X axis, and obviously, 

r- -z> 

for normal horirantal flight. 



.-.AZ- + 



Now. suppose there is an infinitesi- 
mal increase in the magnitude of this 
force, resulting from a small increase 
in velocity, 

X -f- AX - ~Co v)’5 

-• -iX - -C„-^(U’ + 2fu -t- y>)S 
+ Oulu’S 

when we substitute the value for X 
atove, and transpose it to the right side. 
Since i( is very small, the expression n* 
is negligible, and may be ignored. 


+ C.-J 


The term «’ is again negligible, 
.-.AZ - —Ci^2UuS 

Now, 


Then, 


— CipUS 


— Ci-fUS 
pVS 


Ci. 


where a, is the non-dimcii.sionat force 
derivative of the total Z force with 

In order to derive the force deriva- 
tive refer to Fig. 2. 


-Cs-^2C«5 

tiai derivative with 


ax 

di. * 

ax 

du 

fUS 


- CafiVS 

-CbpVS 

eUS 


-Ce 


where x, is the non-dimensional force 
derivative of the total X force with 
respect to «. 

The force which acW along the Z 



Z - -L^ -Clou'S 
Similarly, as before, 

Z-f- AZ - + 



Again, taking the derivative of this 
with respect to tv, 

■dw" A, ^ V V 



da 2 y '' r“ 


’ psy 

-ffira c.f » 

pys 


coefficient into ii 


Kii’) 


and t 




•m- 


1 the last 


It will be noted that X is chiefly a 
function of aspect ratio, and where 
suitable wind tunnel data are not avail, 
able, the following average values r 
be used: 


8 110 


It is interesting to note throughout 
the derivation of these force deriva- 
tives, that X, is the only force dr 
tive that has a positive value. 

Fig. 2 can also be used in the analysis 
for the derivative a,. 





> oa/ow 
pSK ” pSV 



Since Co is small, and hence Cv/2 b 
even ntore negligible, 

• ~ T dS 

It will be noticed that the abtn-r 
derivation for a. is almost identical is 
the previous one for except that the 
forces in Fig. 2 were resolved in 
lift, or Z-direclion for and in the 


.Ijag. or in the X-direction for Xm. 

completes die solution of the 
«)t important force derivatives, al- 
^gogh there are two additional ones 
vhicb will iK)t be considered in detail 
iir rather obvious reasons. 

The derivative x, is always neg- 
^hle. and it is always omitted from 
joy study of the equations of motion. 

In normal flight, the effect of a, is 
ijso small, and a rough estimate of its 
nine will usually be sufficient if the 
Signer wants to consider it. In 
sailed flight, evidence has been gained 
M it may be important, but at angles 
of attack near the stall, very little is 
bown about it. This offers one possi- 
for furffier research in the 
lyovnic stability field. 

la the four derived derivatives, it is 
{onenient to note that the values of 
iH may be obtained directly from the 
arves of Cl and Co plotted against 
jtsgle of attack for the entire airplane. 

We will now turn our attention to 
be moment derivatives, and obviously, 
the most important are those which 
suer into the longitudinal stability 

From basic aerodynamic theory, the 
foKlaniental pitching moment equa- 



Then, following the same procedure 
IS before, 

M + {lU - + «>•& 


AJT - C_ 

by the same reasoning as in the deriva- 
lioD for X,. 



- m 

_ r, f/.Sc _ Cm 
pSVlo (f/elij 

The symbol vi represents ,-v factor in- 
volving the moment of inertia of the 
airplane about the lateral Jixts. 

The .symbol *w. represents the pitcli- 
lof moment due to a change in the for- 
»ard velocity, and it will be zero in 
power-off flight, since the pitching 
••otnent due to the wings is exactly ofl- 
*t by the tail in this condition of flight, 
la power-on flight, there are the addi- 
<>0ilal effects of the thrust moment and 
slipstream effects on the horizontal tail 
W consider. 

. The symbol m. represents the pitch- 
's* moment due to a change in vertical 
'docity. Thus. 

AT - C» i VSe 



The symbol »n, is the pitching 
moment due to pitch, and reference to 
Fig. 3 will help in the derivation. 

The equation for the moment of the 
tail about the center of gravity of the 
airplane (derived in any of the good 
reference books on areodynaniics) is 

“■~.--4x»x(£)x 

(lEr)x"'x(f V.5.) 

The change in angle of attack of the 


tail as .1 result of the pitching q, is. 



iM/dq 

•• "* pSKJh, 


where i) =: (A»/f)*, and ko is the radiiu 
of gyration of the airplane in pitch. 

pSVP (V)* 

--ix(i;)x(f-.yx 

(Sr)x- 

The equation is usually written to in- 
clude a factor K allowing for the damp- 
ing action of the wings. The symbol v,, 
represents the tail efficiency factor, 
nws, 

-■-ix(ii)x(a’x(t£0x- 

The factor K usually has an average 
v.alue of about 1.25. 

In longitudinal stability it is desirable 
to have any oscillations heavily damped 
out. This means that the value of m, 
must be large, and the value of m. 
must be small, and for dynamic stabil- 
ity. m. must be negative. 

The only force coefficient affecting 
lateral stability is y„ which is the cross- 
wind force due to yaw. Reference to 
Fig. 4 will aid in the derivation. 

Tlie angle of yaw 

•p = arc tan v/U = v/U 

Then, as before. 



(Turn lo page 248) 
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Five Shop-Method Improvements 
By Navy Mechanics 


World’s most complex profectiles 


-j^-R>PKOjccTii.E has ever been devised 
more ingenious, more complex or 
costly chan the naval torpedo. These 
deadly weapons contain up to 5,000 pre- 
osion parts, weigh a coo and a half, and 
cost tl2,000 to build. A miniature tur- 
bine engine propels the torpedo, hydro- 
static devices hold it at the proper dis- 
tance below the surface of the water, 
and a gyroscopic “pilot" keeps it on 
coarse to its target. 

Accurate mass production of the mil- 
lions of precision parts needed to build 
the Navy’s torpedo requirements is a job 
chat calU for the highest degree of ma- 


chining know-how. Experienced opera- 
tors everywhere use lexaco Cutting and 
Soluble Oils to assure faster machining, 
better finish and longer tool life. 

Texaco cutting fluids cool and lubri- 
cate the tools. They carry away heat and 
prevent chip welding, thus lengthening 
tool life and assuring greater output. 

The services of a lexaco Engineer 
specializing in cutting coolants are avail- 
able through more chan 2300 Texaco 
distributing plants in the 48 States. Con- 
tact the one nearest you, or write to The 
Texas Company, 135 East 42nd Street. 
New York 17, N. Y. 


T hough Tneae uay be excep- 
tions to tl<e rule, it is generally 
held that where men have cer- 
tsm ^>eci6c tasks to perforn), there are 

d^ladioned “hire more men” system, 
«r 0>e modem method of enabling the 
ariginal number of men to do more 
•oric in less time by improving equip- 
■tet and using it more efficiently. 

The second way is employed by the 
V. S. Navy, which has provided an 
employee; 


ptmmIm that Ac oporotor Bsaally knows how fo improvo 
his mochino bottor than onyono olso. Navy Employoo Saqgostion 
t prodoeod mony Ingonioas and oAeiont invonflons 4o 
1 or Inerooso oeenroey. 


of : 


mder the Navy Employees Suggestion 

The Navy rect^ites that the man 
who operates a machine intelligently 
■Daily has developed his own ideas 
regarding improvements which would 
add to its efficiency or improve its 

AaMxig the ideas adopted was the 
Bggestion by Fred L. Hosar, of San 
Diego Naval Air Station, for a milling 
fixture for holding round stock (Fig. 
1). Sliding jaws are used to hold the 
«ork. These jaws are separated by 
^ngs when not tightened r^ainst 
tte work and are forced together by 
action of the screw running length- 
•e of the franre. As the spacing of 
ay one of the jaws does not depend 
ii{>on that of the others, pieces of 
varying sizes, up to the capacity of the 
frame, may be held and machined at 
same time. The base is provided 
with T-slots for fastening to the table 
of the milting machine. 

Advantages claimed for this fixture 
are that it saves considerable time in 
nting work, since the V-jaws hold 
the pieces in position and one tighten- 
motion secures many parts. In 
ition, greater accuracy is obtained 
multiple production, because the 
milling cutters shape all the pieces at 
■"e operation, thus preventing any 
ssibility of variation in size. 


T KSTEAD of drawing sheet metal 
parts together by usiitg.a hand rivet 
W. Charles W. Silbert, of Philadet- 
phia Materials Center, cemented a 
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heavy sccx>p was held in place by the 
mechanic's chest and hands, while 
another man fastened it. This was 
both laborious and dangerous, with 
two men’s time required. But this was 
really a one-man job. according to 
Frederick 1_ EgelholT, a motor me- 
chanic, who thereupon made a scoop- 
shaped saddle to 6t a hand Jack, which 
he supported at the required angle by 
means of a wooden block. (Fig. 3). 

Result was thak the work was done 
better and with complete safety, with a 
saving in time estimated to represent 
nearly $400 per year. 


tool consists of a "T", threaded to fit 
the stud. Into the upper end is screwed 
a T-lock screw, which is tightened 
down after the tool has been screwed 
onto the stud. This jams the stud and 
allows it to be turned in or out, or 
holds it stationary while a lock nut is 
tightened round it. The Navy reports 
that damage to studs, formerly fre- 
quent, has now been completely dimi- 
naled. 

E vaav time tubing and tube fit- 
tings are disconnected, a la^ 
percentage of the brass or alloy fittings 
have to be discarded because of dam- 
age caused when removing them from 
the tubing. This is particularly fre- 
quent with fittings which have ben 
tightened sufficiently to hold fuel with- 
out leakage. 

George T. Hubbard, also of Corpos 
•Christi Naval Air Station, thought o« 
a jig (Fig. S) which saves three oot 
of four fittings fomerty scrapped ami 
which also enables the mechanic to 
do the work in half the time. 

The device consists of a set of fUt- 
plate jaws with a tapering hole be- 
tween them, into which the fitting is 
placed, with the shoulder against fiie 
plate. A stepped tool, somewhat like 
a broach, is inserted into the tube until 
the proper diameter prevents furtba 
movement. 

A sharp blow with a hand hammer is 
sufficient to drive out die tubing wilb- 
out damage to the fittings, which h 
used again. 

Anyone who has seen the large pila 
of damagred brass fittings, formerly 
unavoidable, will appreciate the ad- 
vantages oi this tool. Its continued nse 
has effected great economies. 


fity. S. Jack with waMlm top am^ ew- 

peTer v eodee beea ■ce6/t to w- 

sTd// cm* fcoops wutmif amd wiffioirr 
formally eamiod by mpparHog scoop by 


E veavoKE who has tried to re- 
move or tighten studs in junction 
lioxes knows that the risk of damage 
is considerable. To begin with, the 
box is usually in an almost inaccessible 
position and its dimensions make the 
use of a wrench extremely difficult. 
Result is that pliers are frequently re- 
sorted to, damaging the brass studs. 

Ollen W. Newsom, of Corpus Christi 
Air Station, designed and built a 
simple extractor (Fig. 4) which does 
the job without damage to either the 
studs or the machinist's hands. The 


5#«ppW peii cfi drfvwt «a# ood ^ foko bet dom set rfbt f SH i rtg, wbfcfi cow be ■efvegtrf end 
re eeerf. leset t fioe e fobdod efewp ptete mod tlop^od peeefi. 





Corefef mod tysfeaetk ebeefi ol prepe/fer UodoM H fector to preveetfen el roogt eepiee. (CM plliifnj 


V/^ trouble shooter's sources of 
’ • information in Part II of this 
I (Mar. Aviatiok), specifically 
discussing pilot's reports, instrument 
readings, and the mechanic's observa- 
tions. And an analysis of the power 
:ing processes enabled us to con- 
a diagram of relationships — 
tenoral vs. local, and structural vs. 
tperational troubles. 

niese categories broke down, in 
tora, into specific trouble sources, 
•^kh the mechanic can range to plan 
to most effective method of approach 

let us now leave the analytical field 
im to one of toe most prevalent 
trauble shooting systems in use today 
~tbe elimination process. 

Military engine maintenance, broken 
down into four echelons, or degrees of 
on^licalion, seldom extends beyond 
^ 2nd echelon at operating bases. 
IV tools and equipment required for 
drd and 4tb echelon work— overhaul 
*“l major repair — are concentrated at 
4*oific depots. 

'he trouble shooter all this means 
mgs : First, he does not pry into 
ner parts of engine or acces- 
fur trouUe diagnosis or repair, 
his troiffile shooting meffiods 


>y E. F. LINDSLEY 

The meehanie who depends on incidental external checkups invites 
accidental internal failures. Emphasizing that gaod "sheeting” 
requires excellent judgment. Author Lindsley illustretes the deduc- 
tion method by detailing proper diagnosis and treatment following 
a "rough engine squawk.” 


boil down to a simple process of elimi- 
nation in accordance with the bywords 
"Remove and replace” of 1st. and 2nd 
echelon maintenance. Excellent ju(i^- 
ment is necessary if the mechanic is 
going to remove and replace only the 
faulty part without wasting time dis- 
turbing others that operate properly. 

For illustration, let us follow 
through a trouble shooting job on 
rough operation, a common engine 
difficulty. Roughness may require re- 
moval and replacement of the entire 
ei^ne assembly, a propeller, or, 
merely a few sparkplugs. The me- 
chanic should ^ow better than to 
send entire engines to overhaul be- 
cause of mere accessory or propeller 
malfunctions. On the other hand, he 
must not allow an engine to fail in 
the air by incorrectly diagnosing bait 
connecting rods as fouled plugs. 

Engine roughness is UMdly noted 
by the pilot or pre-flight 'mechanic. 


As the term implies, a roughness or 
vibration is evidenced by the engine 
shaking in its mounts ; close observa- 
tion of the cowling and propeller dome 
reveals an nnusual amount of engine 
movement, and sometimes, dependent 
upon the degree of roughness or the 
vibration period of the airplane, the 
entire ship will tremble or flutter. This 
last phenomenon is frequently noted by 
a drumming, rumble-like sound, quite 
unlike the normal engine hum. 
throughout the airplane structure. 

It would be well at this point to 
segr^ate engine roughness from sim- 
ilar but less common manifestations, 
such as surging, non-synchronization 
of propellers, aerodynamic buffeting, 
iced-up propellers, turbo oscfllation, 
and engine mount failures. Basically, 
most of these other troubles are of an 
operational nature, subject to pilot cor- 
re^on; or. they inv^ve installation 
fe^rto outside the engine itsdf. 
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a moderately strong man may bend a 
blade out of track if he overdoes this 
sort of thing. 

Radial looseness that permits the 
blade to twist in the hub, or vary pitch 
angle during operation, may expose 
itself when the mechanic crooks his 
arm around the blade and twists his 
body as if trying to twist a fence post 
out of the ground. Either of the loose- 
ness conditions just mentioned will 
cause engine roughness. 

Occasionally a propeller blade is 
loose enough to work around while 
the engine is operating, yet is too tight 
for simple manual checks to show it 
up. Tf this is suspected, try running the 
engine at the speed of greatest rough- 
ness — less than full power in any case. 
Then mentally note the exact amount 
of roughness, and operate the pitch 
control through its full range. 

RasaHs af C t aa glag Piteh 

As the propeller changes pitch, ob- 
serve carefully any variations in 
roughness. It frequently happens that 
the forces necessary to clumge blade 
angle will bold the blade butt solidly 
gainst the gear teeth of the pitch 
changing mechanism and temporarily 
eliminate the blade looseness that gave 
rise to roughness. If an engine 
smooths out during a pitch change, 
don’t overlook the propeller as a 
probable source of trouble. 

Blade unbalance, a fairly rare occur- 
rence when the propeller has a history 
of satisfactory operation, is usually 
eliminated by substituting a propeller 
known to be in good condition. This, 
of course, is always the best plan if the 
propeller and time are available. Blade 


unbalance may somctinies be locate 
by operating the engine after wrapjmi 
a quantity of masking tape around (j, 
outer portion of one blade at a tiia 
Ruif up the engine each tin, 
The unbalanced blade, when tape 
will reveal itself either by smooth 
out, or increasing, the roughm ’ 

Admittedly, these checks v> 
always show up the prop troublt 
which have other, more complicate 

Malfunctioning of internal parts tlu 
transmit power to the propeller ire 
usually be detected by eas 
hence it is seldom that complete dis- 
assembly of the engine is 
Under the limitations of 1st and 2iii 
echelon maintenance, any faults 
quiring major disassensbiy for s 

fication, call for engine remt 

Thrust bearing failures, and failsn 
or excessive tolerance at the crank 
shaft-propshaft bearings, may be <k 
tected while checking the propelle 
blades for looseness. Action that shos^ 
a loose blade will cause a loose pi 
peller shaft to chuck in iu bearings 
and careful observation of the 
movement relative to the engine 
section will expose loose shafts. 

Comparison of the amount of movt 
ment in many engines will give tbi 
trouble-shooter the judgrnier 
perience necessary to decide wliethe: 

the normal tolerance found in all bear- 

A fairly effective method oi deter- 
mining the condition of propeller re- 
duction gearing harks back to the 
practice of the automobile mechanic 
who placed the tip of a sere 


nrious points on the engine and list- 
sied to the engine's working parts 
nth his ear against the screwdriver 
Metal propellers transmit 
very well and. by placing one 
^...1 -i-ing the pro- 


AT to the blade aiiu laci 
pdler through various aiw 
bear reduction gears that : 
oodition. 

Bent c 


ting rods usually result 
ingine failure, although, 
ea occasion, the bend may be so 
dight as to permit operation with no 
symptoms other than roughness. In 
mst cases misalignment shows as a 
binding or sticky spot easily noted 
when rotating the engine by hand. 
This binding gives the impression of 
cue cylinder with extremely high com- 
pression, but it may be distinguished by 
die lack of resiliency common to com- 
pression and by a binding at the same 
spot during each crankshaft revolu- 

Obviously, this would not be the 
case with cylinder compression, which 
iroiild require two revolutions of the 
crankshaft for each compression 
aicdce. The ratio of crankshaft to 
propeller shaft revolutions — the means 
cf turning the engine—also enters into 
die problem. Possibly the simplest and 
most effective method is to remove a 
sparkplug from each cylinder to relieve 
conprcssiofi. Sparkplt^s can always 
scaod inspection when trouble-shooting 
rashness. 

This field system of inspection is 
IM intended to supplant an accurate 
fitassembly inspection made with pre- 
ddon equipment. In short, the fore- 
loing comments are offered only as a 
nady means for quick flight-line 
dMcking of the propeller and power 
Inasmitting mechanism. 

By and large, engine roughness may 
jwally be traced to the power produc- 
■g processes, and no one of the five — 
eoaipression, ignition, carburetion, 
•toling, or lubrication— can stand 
kfameless at all times. Probably igni- 
tion is the worst oifender. but com- 
P^ion runs a close seexmd. In de- 
fa»«e of modem ignition, it may be 
•Emitted that many sparkplugs and 
•pielos are often accused, when, in 
te final analysis, faulty lubrication is 
•fttn the true culprit. 

%niticm, judged while operating 
yn entarily on either front or rear 
right or left magneto, is the 
^ 'ton to test This test, like the 
carburetor check made by 
■tog variations in roughness ob- 
toed by manual movement of the 
■iUre control, can be carried out 
jtong the initial run-up to analyze 
■e propeller. Neither the magneto 
^ the carburetor check can be con- 
■iered finaL 

Excessive rptn. drop-off on eitber 


magneto may merely indicate fouled 
sparkplugs or it may point to a more 
deeply seated problem — for instance 
leaking impeller oil seals that allow oil 
to enter the intake pipes and foul the 
plugs, which condition would indicate 
a complete engine change and over- 
haul. This trouble is usually asso- 
ciated with visible oil in the intake 
pipes, a dirty oily discharge from the 
supercharger drain-overboard line, 
excessive oil consumption, a slightly 
blue exffSust smoke, dirty exhaust 
stacks, and rapid fouling. 

Carbarefers May Be Faalty 

If all checks indicate that magnetos, 
sparkplugs, and ignition harness (with 
terminal connections) are in satisfac- 
tory condition, then the search must 
extend to the carburetor. One very 
definite fact pertains to modern dia- 
phragm type carburetors. That is, 
they are not adaptable to screwdriver 
and plier repairs. They may be in- 
spected for security of mounting, full 
operation of controls, and proper idling 
adjustment; but beyound that — "Re- 
move and replace.” Here. laboratory 
type equipment is required. 

Throughout the foregoing checks 
we have applied the process of elimina- 
tion. We eliminated a suspected part 
by replacing it with a new one; or we 
satisfied ourselves, within the limits 
available, that certain possible trouble 
sources could be disregarded until 


bucb time as we solved our problem or 

encountered a blind wall and were 
forced to retrace our steps more thor- 
oughly. 

Under circumstances such as those 
encountered at a fully equipped airline 
shop, a slightly different process might 
be used, with the carburetor given a 
flow bench test, magnetos subjected to 
a number of checks on complicated 
equipment, or, if conditions demanded, 
with major disassembly of certain en- 
gine sections made. Full utilization 
of such a system requires well trained 

It always increases the knowledge 
and skill of maintenance personnel, for 
each time a mechanic disassembles and 
inspects an accessory he gains a deeper 
insight into its functionings and he 
leams the symphoms arising from each 
new type of failure. This comes under 
the heading of valuable experience. 

Simple removal and replacement 
does not enlighten the mechanic in 
this way. for he seldom sees the inside 
of a failed unit, but the advantages of 
this simplified plan, for a large organ- 
ization with partly trained personnel, 
are manifold. "Remove and replace” 
eliminates unskilled tinkering, prevents 
replacement of unreliable “doclored- 
up” parts, simplifies supply, concen- 
trates expensive equipment, and re- 
moves the necessity for having com- 
plete (and often idle) overhaul facili- 
ties at every field. 


Surging, while definitely an engine 
problem, may be distinguished from 
common roughness by the period of 
vibration. Surging might be compared 
to the long, smooth, swells of the 
ocean, whereas roughness more nearly 
resembles the quick, choppy ripples of 
a fast running stream. 

Rougliness usually stems from one 
of three basic sources: First, we may 
have uneveness in one of the primary 
power producing functions, for in- 
stance, ignition, carburetion, or com- 
pression : second, a malfunction of the 
power transmitting mechanism, such 
as a bent connecting rod or a propeller 
shaft rear bearing failure, may cause 
uneven transmission of the power to 
the propeller; finally, the production 
and transmission of power may be 
quite smooth but the absorption of that 
power by the propeller may be uneven. 

The ntechanic should eliminate the 
possibility of propeller or transmit- 
ting mechanism roughness before 
analyzing the power producing pro- 
cesses. Nothing can be more time 
consuming than changing plugs, mag- 
netos, and carburetor, only to find that 
a loose propeller blade brought on the 
entire difficulty. 

Scientific checks of propeller track, 
blade settings, and balance call for a 
propeller speciaiist provided with ade- 
quate equipment. Line checks for blade 
looseness need consist of no more than 
a few well judged tugs and twists on 
each blade. In case a propeller blade 
is loose in its hub (sometimes due to 
the foilure of the thin Micarta shims) . 
the sintple process of grasping the 
blade near the tip and tugging outward 
will usually reveal this looseness. But 


162 


AVIATION, April, IMS *T1AT10K, April, 1M6 


ISS 




P BODUCT OF LONG EXFERIENCE in 
field repair work, diis device- 
packed workshop-trailer has many 
advant^es over the high-bodied type. 
Being fitted with 34-in. tires on wheels 
sufficiently widespread to permit the 
body to be slang between them, the level 
of the bench and working surfaces is 
the correct height for use by personnel 
standing on the ground. 

In addition to the usual small tools 
for propeller repair and servicing, this 
vehicle is equipped with universal blade 
angle protractor, work bench with fly- 
press and vise, storage battery and 
lighting equipment, universal mandrel 
bracket (by left front fender), blade 
gaging table, ' pressure equipment for 
hub testing, and clamps for holding 
blades while assembling and servicit^. 

The trailer is also fitted with an in- 
genious crane attachment (not shown) 
with 1,600-lb. capacity and 23-ft lift. 
Balancing attachment shown in use 


on trailer deserves close study, since its 
use permits propeller units to be as- 
sembled and balanced in the field, 
whereas it was formerly necessary to 
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haul completed and balanced prop 
from the base, where standard balanc- 
ing equipment was available. Sectxa 
and photographs indicate simplicity.oi 
this device, which basically consists of 
a central shaft with coned ends. Tlu 
shaft is centered in hub of the propells 
which is to be balanced while hangiof 
by the vertical suspension link wbid 
terminates in a steel ball at its Ions 

Any variation from ,the vertical wil 
result in a sidewise movement of the 
center indicator plate with regard to the 
scale plate beneath it. Since the sak 
plate is marked with concentric cirdeb 
correction of balance may easily 
checked visually. Addition of taBH 
circular shims on the light side of fie 
hub provides a simple method of btl- 

Both the trailer and balancer art 
made by Rotol, Ltd., Cheltenham, Eof- 
land. 
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Km* Wash*r Make* 

WrwKb Ousrd 

*By welding plain washer on socket 
*'ri>ch, J. M, Chambliss, of Lawson 
fkld, Benning, Ga., prevents wrench 
^ slipping down too far when work- 
^ in close position around propeller. 
(ATSC photo) 
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TbM* Special Fixtarcs 
Cxpadltc Volve Rcplaccmant 

• Two improvements in standard type equipment— one a foot-operated v»lw 
spring compressor, tbe other a revolving cylinder table with quick-acting clam,' 
-^ave reduced elapsed time lor valve operations at C & S Memphis sbo;>, 
Valve spring compressor — top left — has wood block which holds cylinder securtlr 
without bobs or other fastenings, while at same time it prevents valves from beis: 
pushed into cylinder when spring is compressed to remove retainer from val\r 
stem — lower left. — Foot operation leaves both hands free to handle valve qirise 
and retainer, eliminating one man. Revolving table has quick-action clamp— top 
right — which fits over cylinder flange, saving time formerly lost in bolting aiij 
releasing cylinders. Tank on floor provides fluid and compressed air for clran. 
ing cylinders, — lower right. 


Scrap-Mad* Ttrc R*mow*r 
Eat*s S*rviein9 Job 


belosi*g of Sa«d*r 
CMtrols D*st 


It fine 


Hole in side is clos^ by oper- 
'hen cleaning plugs. Work 
is lighted by two lamps in back of 
corer, which is provided with glass 
fiaikiw. Pad at bottom of hole is arm 
nst Air pressure is controlled by 
reive at left side. 
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New Air Position Indicator 

Checks Course Constantly 


By EDWARD E. THORP. A,tlttt«ri uhw. 

iHd^pvadcRt of radio, radar, or eolottial sigbf*. pilot* coa oow 
mako "dog log" Bights through cioods aod fog, eonfidoiit thcrt thoy 
will arrive on Hmo aud oa course 


HEN A PLANE flics fTOiH Flor- 
ida (o Kansas via Men>phis, ic 
fog all the 'way, and comes 
.iJown right over the airport, without 
' ndio, radar, or celesti^ sights, the 
performance may be considered note- 
I methy, unless the ship is supplied with 
instratnentation of such accuracy that 
ifae trip becomes routine. 

Latest aid in position location is 
Edipse-Pioneer Air Position Indica- 
tor (API), which gives “no wind" 
readings of latitude, longitude, and air 
iniles continuously throughout the 
tight. Requiring a minimum of atten- 


tion from the pilot, this instrument is 
now used by carrier-based fighters as 
well as by larger planes. 

Referring to Fig. 1, the API dial is 
equipped with compass readings round 
the outer edge, for giving the air direc- 


tion of flight. Upper “VAR” knob is 
used to make compass variation ad- 
justments. The “latitude" (upper) 
and "longitude” (lower) readings give 
the exact air position of the ship at 
all times. 



^ i. Air Poaiti^ Ifidicatop abouf siis of qoerf 

“-tfioer — tAovs compose headings on oatsidn ring of figures, oifh 
mode by "VAR" button at fop. Latitude readings N or S 
** near top. ond longitude f or li' neer bottom of dial. 


£ or IV longitude and N or % latitude designations are set by two 
short lasers of bottom of ease. Before commencing Bight, posHloo 
of storting point is set by using "LAV ond “X" knobu, offer which 
Instrument takes oser. Air mileage is thowe jmt below carrier. 
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HOW ENGINEERING 
CAN SIMPLIFY CRUISE CONTROL 



TBHIiSPOHT 


■y JAMI5 ■. RCA. 


isoMCM ^l»t eaa •bfain tnalmam «p«ratia 9 *e«iMmy 
hts cniis* ceafrol taehaiqa* apen aecarot* Right t«*t 
H*r« l« a fcwni w wJad procedur* for dotormlolog 
ooglwooriog data, cm wall a* o short diseossioo of toeln 
st op s rogoirod to eoostroct cmiso eootrol charts. 


At the bottom of the dial are two 
short levers, the riffht hand one being 
used for N (,down) or S (up) lati- 
tudes while the left hand lever sets the 
instrument for W (down) or E (up) 
longitudes. Air mileage is shown by 
the row of figures directly below the 
center of the dial. 

When commencing a flight the cor- 
rect latitude of the point of takeoff is 
set by knob ’•LAT” and longitude by 
knob marked X. After this has been 
attended to the instrument is “on its 
own”, unless the line of flight changes 
from E to W longitudes, from N to S 
latitudes, or the reverse, at which time 
the pilot merely presses the requisite 
lever up or down to give the changed 
reading. Obviously, when air mile- 
age, and air position are known, there 
is little likelihood of the plane being 
lost for lack of informatitm as to its 

Though details of the ntechanism are 
a strictly guarded secret, it is still 
possible to give a general idea of how 

Let us suppose, for instance, that the 
plane is to fly a somewhat ziz-zag 
course (as shown in Fig. 2) from San 
Francisco through Hawaii, Samoa, 
Wake, and Guam to Shanghai. At 
the start, the instrument is set to 
latitude and longitude of San Fran- 
cisco. Latitude would be N and longi- 
tude W. 

Compass connection to API gives 


the true heading with correction made 
for varUtion by knob "VAR". Air 
mileage is derived from a measurement 
of true airspeed. 

As the true airspeed, distance, and 
direction are known — or rather, be- 
cause the mechanism is controlled by 
these factors — the position K (lati- 
tude) and W (longitude) are com- 
puted by the machine, the heading and 
the distance traveled being automatic- 
ally converted into these two readings. 

After leaving Hawaii, the plane 
crosses the Equator, at which time the 
latitude lever below the dial is moved 
upwards and the "N” on the dial be- 
comes "S". As the flight is still in W 
longitude this setting is not altered. 

Between Samoa and Wake, the pilot 
watches the latitude and longitude 
readings. When the plane crosses the 
Equator he changes the reading to 
‘■N’’ on the dial ; and after the plane 
crosses the 180-deg. line into "E" longi- 
tude, the lever is reset to give the “E” 
reading for longitude. As the re- 
mainder of the flight will lie in the 
same area, no further change in setting 
is required. Elaborate calculation is 
not called for; all that is necessary is 
to reset the compass variation period- 
ically and to watch the latitude and 
longitude readings when they are ap- 
proaching the Equator (OO latitude) 
or 180 deg. longitude indicating that 
the plane will be traveling from N to 
S latitude, or from E to W longitude. 


or the reverse at lime of crossing. 

Though this instrument does not o 
any way remove the need for knowl- 
edge on the part of the pilot, it reliens 
him of many distractions at times wha 
he may have his hands and mind full; 
occupied with fighting in order flat 
he may still have a plane to bring back 

Assume that a fighter pitot takes of 
from a carrier On a mission which wfll 
take him over the horizon. Also as- 
sume that the carrier cannot break 
radio silence, because a large force cf 
enemy planes is known to be withie 
striking distance, and that for the same 
reason the ship must keep moviig 
after its planes have taken off. Befne 
leaving, the pilot leams the course a 
be taken by the carrier. Then, after 
an unrecorded series of turns, loops, 
and other dog-ftflht aerobatics, be 
decides that he has just fuel enongb 
to take him back. He cannot 
time scouting around for the carrier 
or he will land in the ocean with entpCr 
tanks. Using the API, he determino 
just where he is. Then he flies S- 
rectly for the pre-determined ren- 
dezvous with the carrier. 

For high altitude travel, where 
temperature and pressure vary consid- 
erably, the mechanism automaticallT 
compensates for the changes as fliej 
occur, thereby preventing a gradiJ 
accumulation of smalt errors whidt,tn 
the course of a long flight, might com- 
bine to cause disaster. 


HCBB ABE TaasB fundamental 
cruise control tedmiques which 
all military and commercial p*- 
iMi should understand and be pre- 
larad to use, especially if they intend 

10 Iterate after the war in long-range 
commercial c o m p e t ition. They are : 

I. A cruise control technique which 
will afford the highest investment rate 
of Ktora to flie airline. 

Z A cruise control technique for 
maximum lange. 

3. A cruise control technique for 
maxmom endurance. 

Other fundamental operating prob- 
loBS are of milhaiy rather rhan com- 
Derdal interest. For example, there 

11 the problem of flying a given dis- 


tance on a given amount of fuel in the 
shortest time. 

Many military tactiea] problems in- 
clude combinations of cruise control 
methods, but not having direct com- 


mercial application, they will not be 
discussed in detaP. 

The technique which will afford the 
highest investment return to the air- 
line has naturally been of commercial 
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the greatest number of ground-miles 
eovered per pound of fuel consumed. 
This iiwans that (he laiig.r will be a 
maximum when the ratio of ground 
speed to rate of fuel consumption is a 
maximum. The actual flight test pro- 
cedure for determining just which 
power schedule will allow maximunt 
range will be explained later. 



plane by a method which will allow 

pilot when he is required to “hold” 
over a range station while waiting his 
turn for a final approach clearance 
from the control tower. In this case 

n»um endurance. This may be ob- 
tained by cruising ' under conditions 
which allow a minimum rate of fuel 
consumption. flight test procedure 
for determining the information re- 
quired for this operation will also be 
explained later. 

Brief flight test procedure recom- 
mended here is one which will readily 
give the required engineering infor- 
mation for a complete .\TA cost analy- 


sis. one which will permit accur.ate 
•lelermination of the cruise control 
icchniqiio for matimum range and 
maximum endurance, and which will 
allow the subsequent construction of 
simplified cruise control charts for 
use by the pilot when operating at 


or maximum endurance. 

In any cruise control operation the 
two variables of most importance are 
speed and rate of fuel consumption. 
For this reason it is recommended that 
they be used as linear coordinates 
when plotting observed flight test in- 
forntation. 

Fig. 1 shows a typical plotting sheet 
used in flight, with miles/pound grid- 
lines included as reference for maxi- 
mum range. 

Given airspeed may be obtained 
with many combinations of engine 
rpm. and manifold pressure. But the 
combination which results in the low- 
est rate of fuel consumption for that 
airspeed is obviously the one most de- 
sirable for a given gross weight and 
density altitude, provided engine and 
propeller limitations have not been ex- 
ceeded. 

It would seen] advisable to fly at 




2. Chwt sAeviag cveras irWar coadrtfwis e/ mesimirm o pf o V ew povsr. 


rather than military concern. Just as 
present-day military operations are 
based primarily on maximum per- 
formance, so postwar commercial op- 


s will e 


It rate 


of investment return. 

Let us understand what is meant by 
rate of investment return : When 

monthly direct flying costs and fixed 
charges are deducted from direct fly- 
ii^ revenue, the remainder represenu 
investment return ; when the return is 
divided by the tot^ airline capital, the 


T.+ T,+ - 
mi/hi. 

■ Payloed, t 


. bate! 




e of 



unb«r ol airplanes operated by 
the public, 

*X “ Total direet flying Roosts, dol- 

'iin/tTn milt, r" 

ATA . ■ 



Factor Y represents revenue rate 
charged the puUic. in dollars ton-mile, 
and fixed charge F includes hangar 
rent, advertising costs, fixed salaries. 

Although fixed charge is not en- 
tirely independent of operating tech- 
nique, any dependence is of second- 
ary importance. 

An operational analysis based upon 
the formula for investment rate of re- 
turn will determine the most econom- 
ical cruise control technique for any 
particular set of flight conditions. 

For example, assume that a given 
number of airplanei are to be used to 
carry cargo between San Francisco 
and Honolulu, and that an operattonal 


analysis is required to determine 
most economical power schedule 
use by the pilot. Assume also that 
revenue charge has been cst^lidM^ 
and approved by the CAB, and 
the monthly fixed charge, the total 

line capital investment, and the 
pected monthly utilization have I 
closely estimated ; further, 
standard ATA cost analyst 
upon the proper engineering fl 
information has been compli 
this route, thus revealing the rehtei 
values of total direct flying cost, block 
speed, and payload for the operatisf 
power schedules to be investigated. 

Now, using the formula for j, b 
vestment rates of return may be eon 
puted and compared for various opes- 
ating power schedules; hem 
economical cruise control lecboKp 
may easily be determined. 

It should be pointed out that ao 
curate ATA cost analysis 
made if the proper engineering 
lest information is available fo 
particular type of airplane to be ^ 
erated. Thus, the entire 
analysis and the final choi( 
economical cruise control 
depends upon the accuracy of (he 
test data. 


g flj^ 
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various indicated airspeeds, and to 
try combinations of engine rpm. and 
manifold pressure, at each airspeed, 
to 6nd the one which results in the 
lowest rate of fuel consumption. But 
this flight test procedure results in 
many wasted hours because it is a dif- 
ficult and slow process when a pilot 
must maintain a given airspeed while 
power is adjusted in a manner which 
will hold a given density altitude. 
Therefore this procedure is * 10 / recom- 
mended. 

loeewe a dad Precedare 

Instead, it is recommended that the 
flight crew set a given engine rpm.. 
vary manifold pressure, and plot the 
resulting rate of fuel flow versus air- 
speed as a giveu density altitude is 
held. This method is much simpler 
because the propeller governor auto- 
matically maintains a constant rpn>.. 
and the pilot is only required to hold a 
given density altitude after manifold 
pressure is adjusted. Actually, he 
need only hold a given pressure alti- 
tude if the outside air temperature re- 
mains constant at that pressure alti- 
tude. 

If resulting values of indicated air- 
speed and rate of fuel flow are plotted 
in flight on a chart as shown in Fig. 1. 
curves of constant rpm. will result. 
These curves may be established by 
flowmeters, switching to flow tanls 
for reference calibration only when 
points of maximum mlles/pound have 
been reached. 

With some engine-propeller com- 
binations. lines of constant rpm. will 
cross each odier, as shown in Fig. 1. 
In this case, that combination of rpm. 
and manifold pressure which will show 
maximum range can only be found 
by investigating various rpm. lines. 
But the author's experience to date 
has indicated that, if the propeller was 
chosen correctly in the original design, 
lines of constant rpm. will very nearly 
parallel each other, as shown in Fig. 2, 
where subscripts 1 to 6 represent in- 
creasing rpm. It should be noticed 
that, even though the lines do not 

which shows the highest miles/pound 
for a given airspeed : and there is also 
an optimum airspeed for that gross 
weight and density altitude. 

The fact that the lines of constant 
rpm. do not cross simplifies the proc- 
ess considerably, and the following 
procedure is reconimende<I as one 
which is very .short arxl which has 

Set the highest bmep. and highest 
engine rpm. allowed by the engine 
manufacturer for the auto lean range, 
limited only by engine wear, stms, 
eooling. or fuU-throttle limitations. 


This condition of maximum auto-lean 
power is represented by point A in 
Fig. 2. 

Now record and plot rales of fuel 
flow vs. resulting stabilized indicated 
airspeeds tot points along a line A-B, 
for constant bmep., by decreasing rpm. 
until the full-thrmtie point B is reached 
for that particolar altitude. (The sec- 
tion A-B may not be available due to 
fuJI-throttle engine limitations). From 
point B, the rpm. is decreased at full 
throttle until the point of maximum 
mi./Ib. is reached. Here, a fuel-tank 
calibration is made. The rpm. is then 
further redoced until either the point 
of minimum fuel-consumption or that 
of minimum airspeed for proper con- 
trollability has been reached. 

After this process has been carried 
out for at least three gross weights 
and three density- altitudes, and after 
subsequent minor changes have been 
made for slight changes in gross 
weight which occur during the actual 
test, final curves may be plotted. Fig. 
3 shows typical curves for one density 
altitude. In this type of chart, true 
rather than indicated airspeeds are 
used as the linear abscissae, in order 
that points of maximum ground-miles 
per pound may be easily located, espe- 
cially when headwinds are to be en- 
countered. 

Per MeaimaB 

In Fig. 3, lines of constant bhp, are 
horizontal, and lines of constant speed 
are vertical. A minimum point on any 
gross-weight curve theoretically de- 
termines the conditions for maximum 
endurance, and a tangent point, lo- 
cated by drawing a line through the 
origin O determines the conditions for 
maximum range with no wind. Bat 
sometimes these points occur at lift 
coefficients too great for proper con. 
trollability or proper automatic-pilot 
operation, or at lift coefficients too 
near the maximum, from the gust-stall 
point of view. Thus, a locus line of 
minimum speeds allowed for good con- 
trollability and safe operation on auto- 
matic pilot is included (see Fig, 3), 
as well as a locus line of stalling speeds 
for the cruising configuration. 

A locus line for endurance speeds 
without automatic pilot is included, 
and also a locus line of maximum- 
range speeds for no wind. These lines 
cover all operational gross weights. 

For any combination of cruise con- 
trol techniques to be investigated, the 
range, fuel consumption, payload, and 
block speeds needed for a cost analy.sis 
may be determined from the informa- 
tion contained in a set of operating 
charts of this type, each chart repre" 
senting a different altitude. For exam- 
ple, by plotting mi./Ib. versus gross 


weight and int^rating the area under 
the resulting curve, figures on ranjt 
versus fuel consumption are easily <k. 
termined and, knowing takeoff groM 
weight, information on allowable pay. 
load versus range may be computed. 
Thus, the entire information for u 
economic analysis, based upon u 
-AT.A cost analysis, is available froa 
charts of this type, as well as data n. 
quired to determine conditions of max- 
imum range or maximum endurance. 

This type of chart is not recom- 
mended for use in flight, it is only kr 
use by the operations analysis engi- 
neer to construct simplified tabular 
cruise control charts for the use of the 
pilot in flight. 

Construction of these simplified 
cruise control tabular charts to be used 
by the pilot under various operacinf; 
conditions will now be explained : 

Fig. 4 is a typical example of a 
pilot's cruise control chart for condi- 
tions of maximum range with a 60 
mph. head wind. These charts an 
easily made from the data contained 
in a complete set of charts of the tyiie 
shown in Fig. 3. 

These tabular charts may also be 
made for conditions of maximum en- 
durance and maximum economy. Op- 
erations charts of the type in Fig. 3 
will give the information required to 
construct charts for maximum endur- 
ance, and they will also furnish data 
for an ATA cost analysis. And, at 
previously pointed out, this cost 
analysis is necessary before an eco- 
nomic analysis, based upon maximom 
investment rate of return to the air- 
line, may be completed, Once tbe 
economic analysis bao been finished, 
similar tabular charts may be made 
for conditions of maximum economy 
eeacluslaaa 

Before simplified tabular cruise con- 
trol charts can be prepared for a pila 
by an operations analysis engineer, 
and before the pilot can obtain maxi- 
mum operating economy, maximum 
range, or maximum endurance hy 
reference to these charts, it is neces- 
sary that they be based upon accurate 
engineering flight test information. 

Thus it is very important that every 
manufacturer of long-range aircrah 
present to his customers the flight test 
data required by the operations analy- 
sis engineer, in order that optimtnii 
cruise control techniques may be de 
termined. 

Though a plane may be inheready 
eflicient, it is of little value to a com- 
mercial company operating long-rW 
— unless reliable and economical cnux 
control techniques are thoroughly un- 
derstood by each member of the optr 
ating personnel. 


PILOT’S CRUISE CONTROL CHART 

FOR MAXIMUM RANGE WITH A 
60 MPH. HEAD WIND 


Aut« Leon Mixture Setting 


A Engines ( Not Over 140 BMER) 
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"LEVEL OFF" LOOMS 
FOR AIRLINE PROFITS 


foiet down in the European theater. 

Without cuts in either airmail rates 
or passenger fares, it is very apparent 
ihat a limiting factor of another sort 
■sold operate to hold down airline 
minings. That is the excess profits 
ax. Already Eastern Air Lines and 
Ddta Air Lines are feeling the effects 
d ibis tax, while American Airlines 
is understood to have barely escaped 
effected by it in 1944. The way 
diis harsh tax was held down the prof- 
te of Eastern the last two years, 
tfhco earning of most other lines 
ese advancing, shows what might 
hap pen to the rest of the industry. 

As between lowering of rates and 


paying out their gains to ffie govern- 
ment in taxes, it is evident the indus- 
try would prefer the goodwill emanat- 
ing from lower fares. Thus, one big 
offset to the prospect of lower fares 
and mail rates later this year may be 
that several lines will keep out of the 
excess profits tax brackets again this 

Some months ago we predicted that 
it would be well past the middle of 
1945 before the airlines received any 
of the new equipment they contracted 
for last year. Now it appears unlikely 
that they will receive it even then. 

The deeper we get into the war in 
the Pacific, die more it is realized 


what a stupendous transportation job 
will be required to finish off the Japs. 
This means that the airlines probably 
will receive only the smaller Douglas 
DC-3 and Lockheed Ixidestar trans- 
port planes — for the Douglas DC-4’s, 
Lockheed Constellations, and Curtiss 
Commandos will be needed for mili- 
tary operations. Accordingly what new 
money the various lines may raise this 
year will be largely for equipment to 
be delivered in 1946 and the next few 
succeeding years. Thus, too, the in- 
dustry is allowed more time to accum- 
ulate greater working capital before 
the period of biggest equipment out- 
lay begins. 


•y RAYMONP L. HOADLET, Filial tdHv. AvMb, 


D«s|»it« iitcrcosia^ r«w«aues, Hmr* to* itiaay facter»— lacMtai 
war-d«lay*d dalivary af bi^ aaw transparts— warhlag a9ofast ee» 
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R peeled to climb to new high 

levels again this year — but it 
doesn't necessarily follow that profits 
will chalk up another big gain. 

Airline officials say it is more dif- 
ficult right now to attempt to project 
(he earnings trend this year than it 
has been at any time since the airmail 
contracts were summarily cancelled 
hack in 1934. Reason is that there are 
so many unknown — and possibly ad- 
verse — factors lying directly across the 
industry’s path, such as the Civil 

tion to cut airmail rates for the four 
largest domestic concerns by about 
47 percent 

Then there are the passenger fare 
reductions reeently made by many of 
the lines, the specter of excess profits 
taxes, and the possibility of a declin- 
ing load &ctor if the return of war- 
used transports to the lines continues. 

After study of these and other fac- 
tors, however, it appears to be the gen- 
era] concensus that 1945 profits will 
be fairly closely in line with those of 
1944. And, considering the excellent 
showing that the majority of lines 
made last year, the industry will be 
doing all right if it approaches last 

All the earnings reports fur 1944 
were not in as this was written, but it 
was clear from the eleven months' re- 
sults that 1944 was a banner year. The 
lines got off to a had start last year 
and it wasn’t until around -April that 
they were able to bring operating costs 

169 


down to anything approaching a proper 
relationship to operating revenue. 
Then they b^an to receive planes 
from the government in far la^er 
numbers than ffie trade had anticipated 
and earnings began their upward trek. 

For the first eleven months of '44 
gross operating revenue totaled ?I43,- 
900.000 against $123,000,000 for the 
entire year of '43 and $108,000,000 and 
$97,000,000. respectivelv. in die full 
years of '42 and ’41. Likewise, net 
after taxes totaled $20,714,000 for the 
eleven months compared with $14,3(K),- 
000 in the like '43 period. 

The few airlines that did not experi- 
ence favorable earnings last year were 
handicapped by termination of Air 
Transport Command contracts, which 
had been a helpful factor in absorbing 

The domestic air fleets numerically 
soon will be restored to the 359 in op- 
eration just before Pearl Harbor. 
There were 300 planes in commercial 
service at the end of 1944 compared 
with 189 in 1943, and 164 at the close 
of 1942. It will be August or Septem- 
ber before all the transports already- 
allocated to the lines have been recon- 
ililiuned and are ready for service. 
Considering that 1944 traffic ran ahead 
of 1941, although fewer planes were 


available, it appears certain that traf- 
fic volume will surge steadily ahead to 
new peak levels. 

The cut in mail pay proposed by the 
C.AB would amount to $15,000,000 or 
more annually if applied to all carrien. 
However, trade circles do not expect 
the government agency will impose 
such a cut on top of the passenger- 
fare slashes that some lines have pro- 
posed and which all lines presumaUy 
will have to follow for competitiw 
reasons. 

United Air Lines has proposed tbc 
most drastic fare reduction — a sirai^ 
10 percent rate cut, plus 5 percent fw 
round trip and travel cards, ‘nn 
would mean an average cut of about 
13.5 percent and would bring tares to 
4.5c. or less a mile against more than 
5.1c. now in effect. A New York-Oti- 
cago round trip would cost $118. cotn- 
pared with $125 for rail, including J 
lower berth. 

Passenger fare cuts are usually made 
for the purpose of stimulating travel. 
In this case, however, lower fares are 
not much of an inducement or volnme- 
builder because of the large percent- 
age of priority travel that must move 
regardless of rnlrs. .And it is expec^ 
that (be present high rate uf priorilf 
travel will continue long after tbinp 
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4 Muu Gwmruccea m an OM- 
jidikned heavy frame (Fie. 2 ), the 
timbers of which oromisefl tn EtanH 


aiim> d wA wuMAu pi 

r longer than the life expectant of 
modem hangar. Here wa« the 


BARN Becomes HANGAR 

A Solution to Wortimo Matorial Shortages 


Finally, if he manages, threap 
diligent searching, to locate "a littie 
of this and a little of that” enough id 
build his hangar, be discovers that the 
neces sary skilled labor is either in de 
Pacific, the ETO, or a war plant 
Faced with this series of obstada, 
the writer found even so, that At 
so l nrioo to his problem lay literally ce 
his doorstep. Bordering the Harris- 
burg State Airport was a piece of bad 
on which stood a stone house anl > 
large bam (Fig. t). “nie house fflght 
or might not have future uses, but dx 
bam — 48 ft x 96 ft— had great possi- 
bilities. Call it a new kind of ban- 
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8x8 timbers parallel to those above. 

Floorii^ was heavy, hand-hewed 
plank, originally over 2 in. thick and 
in excellent condition because the 
space above it had been used mainly 
for hay storage, the top being a pol- 
ished surface, the result of j'ears of 

To convert this structure into a 
serviceable hangar, three changes were 
required : First, the roof needed 

strengthening so that it would be self- 
supporting after the posts were re- 
moved. Second, the posts supporting 
the roof would have to be taken out to 
give a clear door. Third, fireproofing 
must be applied to the floor. In addi- 
tion, the doorway would have to be 
enlarged to a width of 40 ft. to accom- 
modate the usual wing span of private 

With two heavy timbers crossing 
the building at several points, the prob- 


lem of cross bracing resolved itself 
into the simple task of placing diagonal 
struts between them, with vertical 
steel tie rods to prevent separation un- 
der stress. Thesd tie rods were one of 
the few major items which were not 
provi d ed by the bnilding itself. 

After the trusses were completed, 
the posts were removed the simple 
method of boring out the original 
“trunnels” without any weakening of 
the timbers fliemselves. Timber work, 
roof bracing, etc., above the trusses was 
not touched in any way. 

Before removal of the posts, cross 
bracing was placed between the trusses 
to prevent any side bending which 
nnght occur because of the lack of the 
original supports. 

Fireproofing of the floor was ac- 
complished by applyiniL a covering of 
aspl^t-cement to a thickness of 2 in. 
This gave an economical, non-skid, oil- 


•y JOHN ABIUSO, Ai, Tra^. 

Vm, AOMfrnctiM of airport boildio^s is docModly eompHcotod by 
tbortogas of critfeol motoriuls. Sot odvootogo coo bo taboo of 
wbofs oiroody ob bood ovo lachtdlog s tro c loro a which N»ay oow 
bo sorvlog ofbor porpe s y. 

SKETCH AND FLANS SY BERNARO E STARR, ARCHITECT 

T hb FBEsaNT-DAY fixed base To begin wifo, hell that the 

operator who plans on building ready-made sectional hangar is no 
a new hangar finds himself up longer on the market. Then, casting 
against a series of difficulties. In fact about for substitute materials, he’s tifld 
he might well consider tiiese troidiles that plywood construction — an excel- 
formidable enon^ to wamnt poet- lent di^h new mefliod — is also out, 
bis project for the dor- the entire output of plywood having 


a cc o m - 
of a local 
which was 
bam into an 

structure. 

decided upon for the 
hangar arrangement felt into three 
categories: Inside, ouUide, and foe 
fOTTOunding grouni Inside alterations 
vert again divided into the lower see- 
tioD or stone foundation, and the tipper 
pertion, which was of lumber con- 
aruction. 

The stone basement presented an 
erallent opportunity for subdivision 
into dubroom, dormitory, and storage 
space (Fig. 4). After removal of foe 
csoal bam fixtures, stalls, and wood- 
work which was not part of the frame, 
file floors were leveled off and given 
acoat of 1-2-4 concre t e (1 yd. cement, 
2 yd. sand, and 4 yd. gravel) leveled 
o9 by hand. Walls were coated in the 
nme manner and then kalsomined. 

Before cementing foe floor, drain 
pipe was laid to the outside of foe 
bfildtng, so that toilet facilities, show- 
tfs,_ etc., could be installed later at 
minimum expense. 

upper portion of foe building 
(Fig. 5) presented more problems but, 
at the same time offered greater pos- 
sibQities, being framed on native hard- 
*w>fi . seasoned in (dace for nearly a 

Referring to the perspective draw- 
^ Fig. 2. it wiU be seen that foe 
name consisted of 8x8 or larger tim- 
(•ers, which were fastened together by 
’’trunnels”—^ in. oak pins driven into 
Iwimed holes — which do not tend to 
start rot as do metal nails. 

The plates at foe top of foe svalts 
*«te joined acrosa the building by 
timbers sup(>orted by posts from 
®tone foundation. At a distance of 
' ft. below the top of foe walls, an- 
^er beam ran from end to end of the 
^ding, parallel to foe top wall plate. 
Inis beam was also cross braced by 
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proof floor surface at mioimuiii cost. 

Timbers for the lonff truss over the 
door openingr were provided by the 
posts removed to ?ive a clear floor. A 
few lengths of steel tie rods were pur- 
chased, but the rest of the material 
came from the building itself. 

In Fig. 2 will be seen a number of 
long 8x8 timbers laid over one of the 
cross braces. These were sawed into 
boards, with edges matched, for the 
door material. 

Outside work consisted in painting, 
a few repairs to the roof (mostly in 
good condition), and addition of a 
tower in one corner, this latter being 
built from timber salvaged from the 


interior. Balance of the interior equip- 
ment — plumbing, water supply, etc.— 
will wait until these materials are 
available. 

Grading the approaches to the build- 
ing was not estimated to be very costly, 
since the hangar floor was approxi- 
mately level with the upper ground 
facing the doors. Further, a graveled 
pathway was made leading round tiie 
end of the buildii^ to the basement 
entrance to give dry footing during 

Total cost of alterations, less plumb- 
ing and fixtures, was about as follows: 

Basement alterations and 

floor $300 


Timber work and changes. 


upper structure 500 

Grading ISO 

Total $950 


This sum is just within the amotmt 
permitted by OPA without special 
priorities. 

Greatest part of the investment wQJ 
come when the basement is completelj 
fitted out as a residential and tratisieu 
flying club, with all accommodations 
for pilots and mechanics. Though tbs 
details of this part of the project are 
still in the blueprint stage, it is esti. 
mated that at least $12,000 will be 
spent over a period of years. 



fig. 4. Grovnd floor p/oo of rv- 
born, tbowing profoefeef 
o/torofiont >«fo hangar bmamanf 
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PROFITS RIDE IN 
ON THOSE BUSES 


ly WILLIAM H. RODDA 

atr* cas* klstari** to prov* 
bow i«9«a«ity aad a iittl* •fTort 
«ll mor* dollar* to your 
drpert via bus— and yon don’t 
bnc to drive tho bus yourself. 


C .tN A FIXED BASE OPEBATOS make 

money out of a bus line? 
le answer is definitely yes, as has 
proved by enterprising airport 
^ers — and they haven't had to set 
tonselves up as busline operators, 
either. They left that to existing com- 
pjnies. which have made themselves 
profit, too. 

Virtually every fixed base operator 


t for 


mg. 


With tax 
xarce — and in some cases undepend- 
«Me — these operators have 'seen the 
ansportation problem cut seriously 
ito dieir transient pilot business. 

Bm, instead of shrugging helplessly 
ud asking ‘‘what can I do about ft?" 
nme ingenious operators have done 
sanething about it — to their profit. 

Many an airport is located on a high- 
viy with interurban bus service. One 
:q>erator of such a field keeps 
prominently posted on his office bulle- 
>ia board an up-to-date bus schedule. 
Moreover, he sees to it that every em- 
f^oyct is familiar with the schedule 
n that visiting flyers are always 
ptonptly given correct information. 

This operator has gone even further, 
kmever. In front of the office he has 
“Wed a large semaphore — made from 
'“»p lumber— so that bus drivers 
* 0 B't overlook passengers, especially 
“aighL 
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But assume that a transient pilot 
gets easily to town, yet has forgotten 
to inquire about return transportation 
to the field. He may well go to the bus 
station only to find the agent has never 
lieard of the airport. Then follows a 
long discussion — which highway is it 
near ? What bos makes that run ? .\ll 
this confusion can be eliminated simply 
by the operator's making a visit or so 
to the bus station to get acquainted 
with the agent and clerks, telling them 
just where the field is located, perhaps 
even familiarizing them with the 
schedules. 

This tie-up should logically be car- 
ried a step further, for many potential 
customers will come to the airport if 
informed of its easy accessibility. Thus 
all advertising and promotion should 
show available local transportation. 
In many ca ses, cooperative work can 
be done with the bus company, gener- 
ating business for both it and the 

But, suppose there is no bus or other 
transportation service close to the air- 
port, The situation still isn't hopeless, 
as has been proved. One operator, for 
example, decided to attract student 
pilot business from a nearby com- 
muoity. 

Working from a county road map. 
he plotted every bus route that came 
within 10 mi. of his field, and he found 
that one of them reached a point about 
1<^ mi. from his hangars. Then he 
went to the bus company headquarters 
to see what could be done about ex- 
tending service to the airport. 

It took several calls and some care- 
fully prepared estimates of potential 
fares before the bus company showed 
much interest. Finally, however, serv- 
ice was established on a trial basis. 
Since then, both airport operator and 
bus company have had an increasing 
number of ^trons. 



in 



And Now — Waterproofed 
Dirt Runways 

Wk«B a la»d« m « tfirf niMway ia tli* ralw kiehs «p ^m*i 

— tkot’s Mwrs. Cr«dH a mw *yntb«tic prodMct wkicb BlFBctivBly 
w f*rpr»B >» mH m Hm* raia raa« o#. 


D uung iNVBSTtGATlOMS Dear a 
turpentine still, a chemist 
ncRiced that the surrounding 
ground never became muddy, even dur- 
ing heavy rainstorms. This phenome- 
non aroused his interest sufficiently to 
cause him to make inquiries regarding 
the nature of the soil. 

Analysis showed that water was not 
absorb^ by this earth, even when sub- 
merged. Further questioning of the 
workers at the still disclosed the fact 
that refuse, left in the apparatus after 


s thro 


the surrounding ground, 
refuse which had made the soil water- 

With this information as a basis, 
experiments were then conducted to 
determine if a practical commercial 
product could be made — in quantities 
large enough to permit its use on 
rowls, airports, playing fields, and 
other open areas where rain had form- 
erly interfered with normal activities. 
And results proved even better than 
had been anticipated. 


'i'he product — Stabinol — was 
severely tested in the laboratory (see 
accon^anying illustrations). After 
half an hour's soaking the earth 
treated with this substance showed no 
signs of being affected. Imagine a 
turf runway not softening up after a 
rainfall lasting for that time! 

Method of application is to mix 
about 1 percent of the compound with 
the runway topsoil. Field tests have 
proved this amount to be sufficient for 
live years, at least : for surfaces so 
treated are still in good condition after 
that period. 

As only fractional amounts of Sabi- 
nol are required, the treated soil has 
the same appearance as the original 
dirt and retains the same load-carry- 
ing capacity in all weather, because 
neither rain nor capillary action cause 
it to become soft. 

Many military airfields have already 
been stabilized with this compound. 
Furthermore, road work has been car- 
ried on with successful results in Dela- 
ware. Florida, Ohio. Mississippi, South 


Carolina, and Georgia by state author), 
ties, and the U. S. Army Engineers 
Corps has had highly satisfactory te. 
suits with applications in Southern iai 
Central States. 

The Navy has found this soil stabi- 
lizer of great benefit in projects oa the 
Gulf Coast and the Eastern Seaboard. 
Abroad, in Panama and French Gui- 
ana, where tropical rains arc common, 
Stabinol has been applied in several 
instances with satisfactory results, dte 
roads usually impassible in the rainy 
season being thus made usable for all 
types of traffic. 

As a soil stabilizer on concrete road 
and runway projects, this compound 
has permitted work to be continued 
even during rainstorms, the firm sub- 
surface of the road being maintained 
regardless of the weather. 

The maker, Hercules Powder Co., 
states that small airports, unable to 
undertake the expense of building 
costly concrete runways, will find in 
this new compound a means for keep- 
ing dirt runways in usable condition 
at a minimum outlay for upkeep, while 
even the larger fields can profitably 

to withstand the landing impact ri 
heavy aircraft. 

Though the non-absorbent prop- 
erties of the product render it neces- 
sary to make all surfaces self drainii^. 
formation of pools on top of treated 
soil will not impair its carrying capK- 
ity but will result in the water remain- 
ing there until removed by evapora- 
tion. According to the manufacturer, 
tests have shown that many types of 
soil remain completely waterproi 
after as long as 90 days submersioa 



at 12 a'c/acL Kifht hood cara a SMirnol traaUd. /a/t toad a^ala 
h tama matmrial bat aalnaf»i. (Mamdm fma d at Ca. 


Mat halt am boar, blaeix aaitbiad 2% lb. wara placad at cwt 
Immattad tampla, Uatraatad tata eo/taptad, bat ri^ht batd om 
r^mmad tfraagtbt patmUHof it la bt gretped attd Idtad. 


in 


ATIATXOM. AlwO. 


POSTWAR FEEDERLINER 

PROJECTED BY HUGHES 


C oNSTBirCTioN of an 18-passenger 
twin-engine airliner prototype, 
tentatively known as the Feed- 
erlioer. will be started by Hughes 
.\ircraft Co., Culver City, Calif., as 
soon as military production pressure 
is off. 

Structural and performance esti- 
mates of the proposed Feederliner in- 
dicate an effort on the part of the de- 
signers to attain specifications shown 
to be desired by heads of feeder lines 
in recent national surveys and hear- 

A combined passenger and pickup 
innqiort. the new project is designed 
no seat 18-passengers, four abreast 
Kith an ai^e between — with other 
msions of the craft to incorporate 
mail pickup equipment and cargo ca- 
pacity. To increase cargo facilities it 
will be possible to remove the forward 
scats and relocate a movable forward 
bulkhead. Forward and rear cuu'go 
hatthes will be provided, and the pas- 
senger entrance door will be of a split 
type, the upper half swinging outward 


Htqbat' Foadadlaae will ba a bigb-wtnp 
taitatpima atoaaplana with a vwy wida 
I tm ia^t aad a maraUa iarwata balk^ 
hood fo facUdota cargo stawagt, Siatob 
dtpicH pottaagat and mail pickup war. 
tiua at craft. 
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and up, and the lower half downward 
to “double” as the Feederliner's stair- 
way. 

A tricycle landing gear will be 
fitted. Fuel tanks will have special 
check valves installed flush with the 
wings' undersurface to enable refuel- 
ing without need of cHmbii^ onto the 

The Feederliner will have two Pratt 
& Whitney Twin Wasp Juniors with 
a takeoff rating of 8Z5-hp. each, fitted 
with 3-blade constant-speed fuU-feath- 
ering reversible-pitch type propellers, 
which the company states will give the 
plane a top speed of 237 mph. at 10,000 
ft. Cruising speed is estimated at 186 
mph. using 60 percent power at 5,000 
ft., and stalling speed at 57.5 mph. 

Full maneuvering control at speeds 
of 80 mph. or less will be attained by 


combining use of flaps, spoilers, and 
ailerons, states the company. Other 
Hughes Aircraft Co. projects include 
a 400,000-lb. eight-engfine Duramold 
flying boat, now nearing completion, 
and a new Army plane still on the 


Specifications and Data 





JOHNSON COMPANY 
TESTS NEW 
ROCKET 185 

Low-wiag Mr*«-plac* ploa* for parsonal pilot or oKoeutivc ii a 
spoody, odvaoeod typo footoriog fHll*iiistruinoot flying ognipmont. 



Mow c/oMHir lion d*ta>/< ol Atiom a tK 2-ilodo ror'ioUo-pifci pnptlhi SHod (o JtoeM 1$S. 
Coka n w arf p roo l td. and iloHdoid a«a>pawaf irntJudoi l oo-mat radio ood krdroolit Mk*. 
Tricrolo laodioo yoor h tofroeloUo. 
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IXYmC EQUIPMENT 


N ow UMDEBGOING CAA ftigb 
tests is the new Rocket 18S,* 
a three-place side-by-side dc 
luxe personal plane built by Johnsce 
Aircrafts, Ft Worth, Tex. Meantime, 
the company announces that plant pro. 
duction facilities are being expandei 
so as to be ready to turn out tbe 
Rocket as soon as WPB permission is 
obtained. 

Fuselage construction consists oi 
welded steel tubing, faired with molded 
plywood and covered with doped 
fabric. Wings are all-wood monaqiar 
spruce, plywood and fabric cove^ 
L-auding gear is hydraulic retractalde 
tricycle. Wing flaps are hydraulically 
operated, and the cabin is fitted wia 
dual controls. 

A 185-hp. 6-cyl. engine, with Aero- 
matic variable-pitch propeller, will 
give the production Rocket an esti- 
mated cruising speed of 185 niph., mi- 
lial rate of climb of 2.000 fpm., and a 
50 mpb. landing speed with full flaps. 

Production models are expected ta 
sell at about $5,000, fully equipped, 
witli inclusion of two-way radio, c^a 
beater, parking brake, sound-prooi 
cabin, dual hydraulic disk-^pe Good- 
year brakes, and adjustable rudder 
pedals. 

'I'hc equipment and instrume^ 

tended for advanced type pilots or com- 
pany executives rather than as a 
family type sport plane. 

.\t present two models of the RocIh 
are being prepared by the company— 
die type now being flown, powered 
with a 185-hp.^ engine, and anotbe 
with a I40-hp. engine. A third, larger 
plane with two 220-hp. engines is also 
.'Cheduled. .'\ccording to Designer R. 
S. Johnson, tlic lower-powered RockH 
would have an estimated 175 mph. Uf 
speed and cruise at 140 mph. Tbe 
twin-engine six-place model is ex- 
peAed to have a top speed of 215 mph 





Douglas A-26 Invader 
Proves "Hottest" Attack Bomber 


N ew design featubes giving ex- 
ceptionally high spmd and un- 
usual maneuverability, together 
miHt unmatched ruggedness and hitting 
ymr, make the Douglas A-26 In- 
mter what Army Air Force officers 
dll the world’s outstanding medium 
od low level attack bomber. 

Study of its structural details and 
anticipation in a bombing training 
eission by this correspondent bear out 
AAF contentions that the A-26 is a 
n^K>o of such versatility as to open 
■v tactical concepts. 

A two-engine mid-wing craft of all 
Bdal construction, the Invader has a 
no-spar full-cantilever NACA lam- 
inar flow wing of 70-ft. span. New type 
Dooglas-designed electrically operated 
bps operate by first extending straight 
lit farther than conventional flaps, 
dm binging downward, with a small 
deflector between the wing and flap 
directing the airflow to the top side of 
hps, resulting in increased drag. 

Spars are built up of unspliced spar 
Bps with integral end fittings. Use of 
these caps necessitated new rolling 
processes by the aluminum mill. High- 
ipced automatic machining processes 
i^it the rolled billet diagonally, then 
oft cap to shape. 

Chordwise stiffeners and heavy skin 
between spars permit wing deflection 
vitbout wrinkling of the skin, thus 
preserving the laminar flow. Large 
areas of wing and nacelle skin are j 
or {-in. dural plate to give deflection 
protection from angular machine gun 
he. a feature which has proven a vital 
achir in the craft’s ability te take 
heavy punishment but still complete 
niisions and return to base. 

Engine mounts supporting the two 
yX»-hp. R-2800 Pratt & Whitney 
Cknble Wasp engines and 5-hlade con- 
ohot-speed Hamilton Standard pro- 
peUers are of unusual design, one 
■lucb helped avoid a welding bottle- 
°eek in production and which makes 
hr amplified maintenance. Elimina- 
of conventional welded tubular 
Pkofliers was accomplished by using a 
metal pinning in tbe forward 


HrsKhand •xaminatioii of craft and absarwaaea of Its performanea 
during actian-paekod training mtssian imprass Aviation cor- 
raspondonta who flnds ship’s salient design, strneture and flight 
gaalities fully warrant AAF's enthusiasm. 
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together by sue identieal forgings run- 
ning from the engine to the nacelle. 
The six engine mount attachments tie 
to the fore fart of the forgings ; btrits 
for qnickly removing the entire power 
plant installation attadi the aft end of 
forgings and engine mount to foe 
nacdle. AH pimping and wiring is 

giving maintenance men easier en> 
trance and plenty of work room by way 


of an access door set in the firewali. 

Complete power plant changes may 
be made in about an hour, and instal- 
lations are interchangeable between 
ri^t and left sides. Engine cowling 
was designed for ease of maintenance, 
with the upper and lower halves each 
removable with a sparkplug wrench ^ 
loosening of two qniefc fasteners for 
each section. Smaller panels in the 
mount and nacdle are alto qnicldy re- 
movable, and mechanics sit inside 


the nacelle to work on foe aceessorks. I 

The ncarly-square fuselage is 1 

monocoqne, designed to facilitate both I 
production and niaintenance. Well ptw I 
teeted timnris, for example are I 

into each side to carry dcctric, hydn» I 
Ik, instrament, heat, and vent liM I 
In the fuselage, as in foe wing, laigs I 
areas of skin are | or )-_in. dural. Thk I 
is, of course, in addition to reguhr I 
armor plate for foe crew of two or I 
three. 

An outstanding feature of the A>26 
fnsdage is its all-purpase nose, wiA 
which foe craft can qui^y be equipf^ I 
for special type missions ri^t on tfo 1 
production line (at B S^rnndo, 
or Tolsa, Okla.) rrithont having to gn 

to a modification cm ter. For strain I 

medium bombing a bombardier’s ■w««t I 
compartment may be attached. I 

A new bubble type canopy gira I 
greatly improved visibility, and fin I 
cockpit is well laid out for pilot efi- ! 
ciency and convenience. A single krer 
on foe control quadrant serves to lock 
both throttles in closed position, sad 
elevators, rudder, and ailerons in cen- 
ter position, thus making it nnaecea- 
sary for ground crews to insert the 
(Turn to page 251) 


Four New Models 


Announced by Skylark 


PotsomI p l o — s wM bo of low- 
wing poihor typo, will MOMf dif- 
foro o f pouror ptooft. ood will 
foofuro voriod s oo Ho g Md log- 
gogo orroogonsnofs. 


D esignateo the Skycraft line, a 
series of light personal planes, 
including a single-place design 
especially for salesmen, is being readied 
by Skylark M^. Co.. Venice, Calil 
There are to be four models, all 
variations on a basic low-wing twin- 
boom pusher design, with dififerent 
engines and varied seating and luggage 
arrangemsBts. They will be two-, 
three-, and four-place passenger coupe 
types with 100-, 12V. and 190-hp. 
engines, respectivdy, plus the single- 
place version for salesmen, which will 
be fitted with a jump-seat for foe oc- 
casional extra passenger. fVices win 
probably nmjrom $44)00 to $5,800. 
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Designs eall for aluminum alloy 
structures, with foe exception of land- 
ing gears and engine mounts, whkh 
will he of steel. Fuselage, booms, fins. 
stabQirers, wing fl^s, and wing lead- 
ing edges will be aluminum alloy 
covered. Landing gear is to be semi- 



retractable. Push-pull controls tn 
planned, utilising a shaft worfciiw 
forough the dashboard, foereby keep- 
ing foe cabin clear of any sticks oi 
columns. 

Performance data and specifications 
have been released for foe four-plsce 
model to be powered by the 190-lip. 
Lycoming, and a prototype of ttis 
craft is now under construction. 


Stycreft 44 S-I 90 L 
SpvcifiesMens and Psrferm*' 
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Loiffer Sound-Ieuel Cyclones 
for Increased Passenger Confbrt 


Smooth, quiet flifilit, which builds appreciation for air travel, is 
possii)lc in two ways. One is to blanket noise with soundprooftiig, a 
method costly in weight. The other Ls to eliminate noise at its source. 

Lower reduction gear ratios on Cyclones have long helped cut pro- 
peller noise. Now, coupled with the new Wright turbo-supercharger. 
Cyclones bring sound levels still lower by decreasing exhaust noLse. 
Added comfort from lowered sound levels is important to all pa.s.sen- 
gers and air crews. It is comfort which will do much to bring about 
greai'f public acceptance of travel by air. 

Hush! A^ronaudVal Corporation, Palenon. Saw Jatsty. U S. A. 
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P tLOn appreciate the ease of control achieved through the use 
of Breese-engineered Ihb Ccmtroi Systems in the largest air- 
craft. Fingertip operation of the cockpit unit transmits tremendous 
co n trolling force quickly and surely through the entire system to 
act on flap surfaces. 

Here is a system that takes the labor out of flying a heavy 
ship, that makes possible positive action with a minimum of effort. 
Whether the problem is to move the large control surfaces of a 
50,000 pound cargo ship like the new Fairchild C-82 Packet, or 
those of a light plane, Breeze engineers and produces the system 
best fitttd to meet the requirements. Compact and light in weight. 
Breeze quick-acting, fingertip, mechanical cont r ols are built to 
carry the load, ybur rnquiries are invited. 


CORPORATIONS, 



CIVIL OFEtanOKS 


/^^TION’S 

LUBRICATION CHART 
FOR BEECHCRAFT 

Model: 17 



NC 


Engine. Each model uses grade of oil specified on crankcase nameplate. 

Light oil (AN-W-0-446A. grade 106S> SAE 30 is used at (1), (2). (3). (4). (5), 
(6), (7), (11), (12), (13). (15), (16), (17), and (18) every 50 hr. 

Low-high lemperalure grease (AN-G-3A) is used at (9) every SO hr. and at (10) 
and (19) every 100 hr. 

Hydraulic fluid (Univis 40 Red or equivalent) is used in brake master cylinder every 
50 hr. and at (8) and (14) every 50 hr. 

All pulley shafts, ball bearings, shackles, and pins are lubricated at. intervals not longer 
than SO hr. with light oit. 
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crm OPERATIONS 


.^^^TION’S 

LUBRICATION CHART 
FOR REARWIN 

CvrrMrt M»d*ls 



GlVlli OPBRATIOMS 


y^^TION’S 

LUBRICATfON CHART 
FOR WACO 


Models: C, E and S 


''Tivyai»'ttkefiTtleTrwtkatfi*u> 

Aer, and pnbaHy won't be the UuL 
Bntyon won't get another skip like 
that! I've seen her on fire, andfitUof 
holes, and come in when nothing but 
God was hoUin’ her tog/ether. If those 
gnys inside will jnst stay alive, shell 
•(ways come in..." — MISgt, not 
named, ^inth dir Forte: 

Tbs bomber, big or little, is a 
complex monster, a maze of things 
that can go wrong. That the USAAF 
IS mounting fonnations of hundreds 
of bombers, lor strategic targets and 
uctical support of the ground troops 
day after since. June 6th. is 
one of the unrecognized wonders of 
this year of wonder. And the only 
explanation is the ground crews. 

Little glory, lots of hard work, 
long hours of anxious waiting are 
the lot of ground crews. Bombers 


may get back with sides sieved from 
bullets or flak ; oil, gas, or hydraulic 
lines broken; controls, landing gear, 
flaps impaired; radio outand engines 
roughed up. And the number of 
ships ready for service a^n within 
twelve hours often surpasses under- 
standing. Because these men give 
not only their best effort but their 
full devotion, make the plane their 
child and creature. And when the 
last report is "missing in action” the 
lost ship as well as the lost crew is a 
deep wrench, a personal loss. 

So remember that not all the 
heroes in the AAF wear wings . . . 
that the chevrons under the 
Air Force shoulder patch, 
both here and abroad, are 
in themselves decorations of 
no small degree, citations 
that signify the leamwurkers 



DECSUSE the huge air trsiais 
program of the USAAF and 
Allies has given us the opportuail 
for the mass productiem of i 
than 20,000 Jacobs engines, 
over 1 0,000 engines of another aid 
. ■ . proved the Jacobs capable 
delivering as high as 1,200 
hours between its m^'or ovethul 
instead of originally specified 
hours — in the hardest type ofscrvic 
to which any plane engine issidjec 
— the new Jacobs postwar niodd 


IS that will make 1 
private flying and commei 
operation cheaper, safer 
more profitable . . . Jacob 
Aircraft Engine Compai 
Pottstown, Pennsylvania. 


ACOBS 


Pottstoivno Pa« 
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bagine. Each mcxlel usc.s grade 
of oil specified on crankcase 
sanieplate. 

Light oil SAE 30 (AN-VV-0- 
146A, grade 1065) is used at 
(2), (6), (11), (15), and (19) 
SO hr.; at (1). (3). (5). 
|12), and (25) every 100 hr; 
and at (4) every 200 hr. 

High temperature grease is 
ued at (7) and (17) every SO 
hr. and at (8) every 100 hr. 

Low temperature grease is 
<Bcd at (13), (18), and (24) 
every SO hr.; at (20) every 100 
br.; at (16) every ZOO hr.; and 
at (21) and (23) every 300 hr. 

Hydraulic fluid (Univis 4ft 
Red or equivalent) is used at 
(9). (10), and (14) etery 50 
ir. and at (22) every 300 hr. 
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PERSPECTIVE ILLUSTRiiriONS EXPEDITE 
OEVELOPMENT AND PRODUCTION 

MKT / 


H< 1>omU;r plant are findings ex- 
UDsi«e use for illustration-type draw- 
il«s in progressive fabrication of 
Ford-built Consolidated B-24 Liber- 

blr, these drawings facilitate decisions, 

proper application of new projects on 
the assembly floor. 

Divided into ten categories, the 
iUnstrations are classifled as experi- 
tnental, master change, aircraft de- 

necring bulletin, installation, produc- 
tion. proposal (for government ap- 
proval), final assembly (daily record), 
and fixture. All drawings are in true 
perspective, with eye level and angles 
chosen to give the best view, and are 
presented on standard sheets 24 x 36 

In the typical experimental illustra- 
rion .shown in Fig. 1 (opposite page) 
thumbnail sketches depict details of 
safety wire application on the B-24. 
Kith proper method of tying and posi- 
tioning of unit tlisplaycd so as to make 
it extremely simple to visu.tlize. When 


single drawing, an index illustration 
may be made giving reference numbers 
to the individual detail illustrations on 
other sheets. 

Experimental illustrations are sub- 
nritted for approval of engineers at 
Willow Run, Wright Field, and Con- 
solidated, then following approval, 
master change drawings are prepared. 
Information from Consolidated and 
Wright Field is referred to engineer- 

mine effective block information, and 
direction cards are prepared to provide 
a record and indicate whether prelim- 
inary change, effective change, or air- 
craft development illustrations should 
be made. 

In the preliminary illustration, re- 
lease and change dates are given and 
the drawing shows what the change is, 
why it is necessary, location in the 
plane, and change details. 

Effective block information is used 
to change the preliminary illustration 
into an effective ship number drawing. 
Additional information is addetl to- 
gether with a complete list of new. 


changed, or cancelled parts. Xumeral 
(1) in the title block becomes i2). 
and subscript (2) follows all additions 
made. 

The aircraft development illustration 
is then made from the previous effec- 
tive master change drawing. an<I as an 
exploded •assembly depicts all parts. 
New parts are shaded, cancelled parts 
dotted, and existing parts sitown in 
line and numbered. Changed, new, and 
cancelled parts arc indexed and num- 
bered on the master-change record list. 

assmiblies require development illus- 

In the typical master change illus- 
tration shown in Fig. 2, spot welding is 
indicated as substituted for a butiuii 
head rivet, with purpose and location 
of ciiange and new and old methods 

Engineering Hlustrations show 
blocks in which master changes become 
effective and serve as a form of index. 
In Fig. 3 (next page) block changes 
for 1,500 planes are indicated, each 
block representing 500 craft. Key to 
time of changes is given in the circle 
and in hexagonal or square boxes in 
which master change drawing num- 
bers are shown. 

( Further dclaiU of this illttslralioii 
systrin will ot’/'eor next mouth.) 
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Faster Take-Off, Climb — Greater Range- 
Load-Capacity . . . 


From New Aviation Mobilgas! 



TOMORROW -FOR All PlANFSl 

After Victory, private planes will fly faster, farther . . . 
thanks to flying Horsepower— one of the greatest gaso> 
line developsnents of the war. 


TODAY 


Sensational new power from gasoline 
power .. .lifts America's war*easential pi 
with bigger, more profitable pay-loads. 


BF* Flying Horsepower is an exduuve Socony- 
Vacuum development — super power performance 
from a great new aviation Mobilgas. 


Flying Horsepower is flowing from 19 great 
Socony-Vacuum catalytic cracking units ■ . . greatest 
catalytic cracking capacity in the world. 


^ It’s the result of 12 years’ research in catalytic 
cracking and multiple devel<q>menta . . . climaxed by 
the famous TCC Process and Ma^c Bead Catalyst. 

^ It rqtresents a $90,000,000 investment in new 
refining facilities and equipment ... a $2,000,000 
expenditure for reaearch alone during the past two 


S)IF* At war’s end, these giant refineries will swing 
to full peacetime production, to make this amazing 
new flight power available to all planes. 

SOCONY-VACUUM OIL COMPANY. INCORPORATED 
26 Broadway. New York 4. N. Y.. and AfSIiales: Magnolia 
Petroleum Co.. General Petroleum Corp. of California. 


C M -W W OSMATtOW PtaaSS"— MOWPAV RYlfHOS, »»e S 


Mobilgas - Mobiloil 





Better Control . • • . 

OF HTDRAULIC POWER BRAKING 


mvimnoM'S 


©n'issiaiL 




T be problem of tightly sealing spot 'welded 
jtmts has been solved with the racceseful 
development ot Press tico Spot Weld Sealer. 
Applied, b^on welding, to tbe faying surfaces 
of the metals to be jesned, this sealer effectively 
prevents corrosion, assures an air and water- 
tight seal. 

Teste prove that the sealer has no effect 
upcm tbe strength of tbe weld, that it retains 
high cohesive, adhesive, and sealing propertiee 
thro u ghout a wide range of temper- 
atures. It eUminates the danger of 
rusting or corromon in the joint fa^ 
tw ee n welds. 


Apfdieati<m is simfde and Presstieo Spot Weld 
Sealer is available in three types — flow-gun. 
brush^m, and spray — each to meet a particular 
sealing prtdtlem or production process. 

If you do spot weld sealing in your plant, it 
will pay you to get full information on Presstieo 
Spot Weld Sealer. If you have any sealing prob- 
lems, let Presstite work with you and your 
engin ee r s — for Presstite Engineering Company 
has b ee n specializing in the development of 
sealing compounds for indus- 
try for more than a quarter cen- 
tury. Write todav. 


PRISSTITl INOINillllNG COMPANY 


3910 Chovtmau Avmmv, St. Louts 10. M/ssovri 
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AVUITIOlirS SKSTGRBOOK OF DEMON DETAIL 



• This is the new, improved TRu^v PUSH-ruu. controi 
—designed especially for aircraft— to do a certain job better 
than it could be done in any other way. Today it has many 
applications. 

• There are few problems of remote control that can’t be 
solved with a standard TRU-LAY PUSM-PUU- The various combi- 
imtions of length, size and end fittings can be adapted to 
practically any job. 

• This new, improved unit — with its even smoother opera- 
tion and more positive action— greatly increases the possible 
uses of TRU-LAY rUSH.PUlL. 

• Let us give you more specific information. Write 
our Detroit office. 


AVMTIOnrS SKETCHBOOK OF DESICOV DETBIE 


April, 
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©(EKDIH 


standard Dimensions and Tolerances 


Per bell bMrtH9s Types tlC, IM. bC b IL 


This wor is a wor on bearings. Every major piece of 
flghtiitg equipment depends on the smooth opeiuliuii of 
ont i -friction bearings. And millions of these vital bear- 
In all the war xo ne s are Bower Boiler Beorfngi. 


WAR MACHINES iSOSCX OJ¥ 

^ BOWER BEARINGS 


BOUIER ROLLER BERRIRGS 


DoWteu 


AVIA.TION, April. 





Good tact* In ccloetins your table sorvieo it a teuK* of prido to 
you. CorroepondinB good judgment mutt be used by the manu- 
facturer in selecting the proper equipment to do Hie job. Blanking 
dies required to produce millions of forks mutt be of unusuol 
quality and endurance. Olefsson produces dies, jigs and gages 
that develop and finish special "mammoth or midget" machinery. 




JSVlATIOlirS EWCnilimarMC PAT« BOOK 


SHEET NUMBER . . . D-2B fcoitf’d from Mafehl 

CLASSIFICATION . . Mofarlols ; 

SUB CLASSIFICATION . Bg» & RoHer Bearing* 


Standard Dimensions and Tolerances 

Per ball bMrigq* TypM BTS, BS. BIC ft BT 
and rolUr baarloqi Typ* R5 




(CsotMy ef A»Mrteti 




/bMM.) 




1 

a 

i‘ 








1 ill 

E 

iliS :: 

11 

I 

I 

1 

li|i 

I 

iiiiii 

S S' 

1 

1 

is” 


kViATION, Apia, ms 





AAF Battlefront Engineers 


FIGHT to BUILD 




tlie beach — but the engineers found the 
ground selected still in German has& 

The advance detachment of the 
neer battalion, under Lt. Col. John ]. 
Livingston, immediately scouted for 
more friendly piece of real estate. A 
new location was soon chosen, si^ 
despite German shelling and the actin- 
ties of 1st Army liaison plane pilott. 
who insisted on landing during con- 
struction, the ELS was complete ai^ 
open for initial business by noon of tbc 

By D-day-plus-two, the strip was im- 
proved sufficiently to permit C-^rs to 
land with supplies and pick up the 
wounded. 

Because our air force's effectiTe 
ability to pursue the enemy depends oo 
mobility of its base organization, Ac 
AAF has instituted engineer battalkn 
and regiments which go into recentl; 
captured territory or land with the as- 
sault troops to build air strips, llieir 
job consists primarily of constructioa 
maintenance, and camouflage of land- 
ing facilities. Construction tadca ruj 
from the hasty clearing of advance sir- 
strips by airborne aviation engineen 
to the special construction of large but 
fields in rear areas by motoriztd 
aviation engineer regiments. But h 
every case, emphasis is on speed. 

Having built a landing strip or maia 
runway, the engineers must build fadli- 
ties for refueling and arming aircrtfl. 
sheds for storage of gasoline and am- 
munition. and buildings for housiiit 
personnel and equipment. They imiB 
next provide for water supply, power, 
and lighting, also lay service and acce» 
roads adjacent to the landing area 
During alt this time they have to pro- 
tect themselves against both air ird 
ground attack. If the airfield has jsS 
been captured, it is usually exposed » 


Especially vulnerable in- 
aDations, su^ as ammunition dumps 
gd gasoline storage sheds, have to be 
' bidden from enemy recoruraissance 
bombing planes. Aviation engi- 
3 know how to do all this — for 
liese soldiers are well-trained men. 
ibey have been hardened and con- 
liiianed for their arduous tasks and 
brtgerous missions by comprehensive 
zrricnla in training camps back home, 
1 England, or in India. 

These units must be fully prepared 
(aggressive combat After learning 
irtse rifle and bayonet, each man spe- 
idites in the particular weapon with 
diich be is equipped, then goes on to 
om to handle any other weapon in 
sc by the battalion, including flic 
irbioe, submachine gun, and rocket 
imcher (bazooka). 


by 


^ound troops as well as aircraft. Hir- 
ing lost use of an airbase, the enemy 

As they build, the engineers mod 
camouflage as much of their work » 


nation engineers. During their 
ing period, they are purposely 
Tfields, where close con- 
ler air force personnel, 
. . id facilities are part of 

brir daily life. 


tationed a 


s foe 


iiSculty when, in the Spring of 1942, 
were announced for an airborne 
h of the aviation engineers to sup- 
mt motorized and foot engineer 

Modern war, being predicated on 
^oxement. requires speed for the most 
flfctive winning of objectives and in 
der to minimize losses of personnel, 
parachute and glider infant^ could 
behind enemy lines and seize stra- 
^ airports and installations— why 
“^ddn't aviation engineers either drop 
•dh them or glide in to repair these 
airfields? Answer: They 
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best available for this type of unit 
On Aug. 18, 1942. the Adjutant G^- 

ate the 1st Provisional Airborne Avia- 
tion Engineer Battalion at Westover 
Field. Mass. A. nucleus of 100 volun- 
teers froni existing aviation engineer 
units were the beginnings of this bat- 
talion. Intensive training was started 
and continued during the following 
weeks. Personnel w-ho were not 
adapted to flying, or who could not 
stand up under the rigid physical pace 
imposed were "washed out.’’ 

On Aug. 29, a commitment was made 
to have two companies of the battalion 
ready to accompany th& African Task 
Force. Assigned to Gen. Doolittle's 
Air Force in the African invasion, they 
landed on the beach with the Western 
Task Force on Nov. & 

Combat, not construction, proved to 
be their first task. They formed part 


of an assault group which during the 
first day captured an airfield some miles 
inland. Meanwhile, the airfield had 
been bombed by our naval planes. leav- 
ing large craters in the concrete run- 
way. It was an all-night fill-and- 
smooth job — but the runway was usable 
for our P-40's the next day. 

A real test, and a more spectacular 
one, occurred some days later when the 
need arose for the rapid construction of 
airfields near the batde lines. Back 
from the front flew some 50 planes .to 
the western fringe of Africa to pick up 
these engineers and their light equip- 
ment and fly them almost 1,000 mi. to 
two forward locations. One favorable 
site required only minor improvements 
to make it suitable for heavy bombers, 
and three days later Boeing Flying 
Fortresses were using this field. The 
other location, a new fighter field, re- 
quired more work. Some French 
equipment was picked up locally, and 
with the help of Arab laborers (paid 
with cigarettes! this field was ready 
for fighter planes in' four days. 

Specialists for Hot Spafs 

Airborne battalions do not displace 
regular aviation engineer units but 
rather are specialized units for special 
jobs. They have proved a means of 
doing hurry-up construction jobs ef- 
fectively at the hot spots. 

Airborne units are now carving out 
airstrips in the upper Chindwin River 
country of Burma. Earlier, aviation 
engineers landed with assault troops in 
Normandy and rehabilitated airfields in 
Brittany and Southern France. 

There will be many more landings on 
foreign shores. Beach airstrips, other 
landing facilities enabling our planes to 
provide air cover for our troop*,, and 
heavier runways for our cargo and 
troop transport planes will be in order 
— and they’ll be built by the .\.AF’s 
aviation engineers. 


By JOHN L. KENT. StaP asf. 

Air a>d landlM9 strips tor our rapidly advao«lN9 air fereas 

ora caaaliaefad the hard way. For traqaantly Mta moaatain-mo»lP9 
fc ««cfc-troa st og 1109 aviotioa •N9ip«M^ start Hsair "9ro«Hd prapara- 
tioas” w i th hioI 'dosors but 9MNS. 


O N THE THiao DAY following in- 
itial landings on the Normandy 
beaches, our fighter planes were 
landing, refueling, and taking off from 
newly built airstrips along these beach- 
heads. On almost airline schedule, 
transports of the 9th Troop Carrier 
Command would land with troops and 
supplies, immediately re-load with 
wounded, and head back for England. 

The operation of fighter planes, so 
vital for providing an air umbrella for 
our spearheading troops, and of cargo 


planes for the speedy evacuation of 
wounded, was made possible by our 
aviation engineers, who with a mini- 
mum of equipment built these landing 
strips and rehabilitated captured enemy 
airfields. 

When aviation engineers of the 9th 
Air Force Engineer Command beached 
their assault boats on the Normandy 
coast on D-day-plus-one, German 88’s 
were only 50 yd. away. The plan of 
assault called for an ELS (emergency 
landing strip) several kilometers from 
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WEIGHT IS 
LIVELY WEIGHT! 


REVERE Magnesium Alloys 


D ON’T be misled by the inevitable fact that 
thus far the use of magnesium for structural 
purposes has been largely confined to the air* 
plane. As more and more of this remarkable 
light metal becomes available (and more is be- 
ing released every day ) you will find magnesium 
creatiog the new light metal age, in which a 
great many things that move will do so more 
quickly and economically and easily because 
magnesium is used in them. 

'Remember that it costs money to move any- 
dting — trucks, trailers, elevator cages, railroad 
cars, buses, anything. And it costs money to ship 
to, and move around a plant, the materials of 
which they are made. It takes effort to move 
such common articles as vacuum cleaners, hand 
tools, portable typewriters, chairs. Weight re- 
duction will be so important after the war! 

Revere Magnesium Alloys are available now 
In the form of sheet and plate, rod and bar, 
tubes and shapes, forgings and forging stock. 
The Revere Technic^ Advisory Service will 


gladly assist you in obtaining magnesium’s mif 
inuim advantages.. .Write for your complimes' 
tary copy of the new 32-page booklet, 'TleveK 
Magnesium Alloys and the Light Metals Era’ 


TIE FOOR REVERE lUSRESIRM ULITS 


*He*c-ireauble enrasion or forsios allor 


COPPER AND BRASS INCORPORATE! 

HAGNESIOlf-ALUHIirDM DITISIOI 

FamdttHf PmmItUmntm ttOl 

Bi e tatfw OffiooK 230 Park Avenue, New York 17,KV« 

AVIATION, April 


ly A. HARRY CROWELL 

KtgiOmnd fotnf Lmryr 


rViLLowiNc are digests o{ some of the 
]; more interesting recent patents on 
initHin developments grant^ by the 
S Patent Office. Ur. Crowell will 
Sy famish readers with free infor- 
MO on approximate cost and procedure 
s^lying for patents and trademark 
nistration. Address iiuiuiries to him. 
OK Aviation. 330 W. 42nd St.. New 
York City (18). Printed copies of any 
d patents listed are obtainable at a cost 
d 10c each, directly from U. S. Patent 
Office. Washington. 


wlvallnc of blade* on unlve 




tment la Intended t< 
rotational speed foi 


bf of blades at aero torque ' t 
pn tor Sying or aUdlnc wl 




Ceellag System particularly adapted to 
•trow enatne contained within wing, 
iidliea air presaures over airfoil surface 

“*®5f .vln« eorface.— s.sas.sss. 
at^n and P?’RfNlck}ef' ^ 

S5 S^r“o»v?Sr.S?a^nrf*S 

anpular adjustment In relsUon 

»reea are acting on blades. Other fea- 
tejes of Invention Include provision for 
stop arrangement adjuata- 
w to permit blade folding and intercon- 
SKUon ^t^n pitch-change control sya- 
takeoB clutch •control 

silt, assignor to KeUett Alrcmft Corp. 

JJ'Jjtian Of Wing Profile Is eecompllshed 
W MmbinaUon of jrtng nose pivoted to 

W Us = 




(7"urn fo page 261) 



^providing mlnlr 
mce^ to dedne cooTing air cl 


serves Co convey air from atmoeptaere 
to chamber (S) which haa discharge 
conduit <IS). Elongated slot (IS). 

Ydes. dlsciiArgeff^ cooling air 
-- ••!. pat. Dee. tS, -SI,. D. 




rs 


wall ( 11 ). • 

edge slightly 
line wheel, au 

’iTttlr ‘a di\ 




=p,:i?Deo^-^oierVS^ 

eral E'leetrle Co" oomprSfng tra, „ 
emteh and retain any fragments thrown 
o"erating'’*'BPoeS’*aiid*m^W«tuw 
t^us prsvenUng damage to^^^djacent 
parts. Trap Is constructed u part of 


Esasiy Patent Data ai 

Approximately S.ooo seised enemy 
chemical patents are covered In SSt- 

fn^^x'SSgfay'Li- 

of American Cbemical Seeley and Scl- 
ence-Tecbnclogy group of Special Li- 
braries Aosn., according to announce- 
ment by Alien Property Custodian. 
Included are Saids of metals and al- 
loya, textile and leather proceaalng, 
explMivee. plastics, and other prod- 

of patents vested since earlier ab- 
stracts were prepared. 

Somewhat similar program Is being 
followed with ST.ooo seised mecbsnl- 
eal. electrical, and other non-chemical 
patents. Two volumes have Just been 
published and two others are sched- 



laUurt'b^ ^deg paunts^^ ob_ 
mlnlstratlve fee of |15, from APC 
offices St Nstlonal Press Bldg., Wssb- 
Ington; iso Broadway, N. T. C.: 17 
Court St.. Boston, Msss.; 186 8. Ia- 
Salle St.. Chicago. 111.: or Guardian 



Tbe wbole world knows LYCOMINEb 


It may be just a 65 hp engine for the 
simplest sort of post-war “personal” 

But If It's a {.Tcemlxxv — that will 
help “sell” the ^ane. 

B-H's «f Lyeoiiilxiv — it will have 
passed some 2,700 different and ex- 
acting in s pec ti o n s . . . 

B it's a LTceminv— it will have 
undergone all known laboratory in- 
spections. including X-Ray and Mag- 

Bil'sal.reoiniM— it will have 
been built, whatever its size, with 


all the care and accuracy of the 
biggest precision aircraft powerplant 

B it's o Lycominff — it will be de- 
pendable, economical, easy to main- 
tain - and the man who buys the 
plane will recognize these facts. 

In the field of lighter plane engines, 
there was probably none in the world 
with the pre-war reputation of 
Lycoming. Today that reputation U 
underscored by the records of tens of 
thousands of Lycoming training and 


'I'he world has known Lycoming 


for a long, long time. The worM 
knows it better today than ever. 
And respects it more/ 

For better, safer, thriftier planes. - 
you can't beat Lycomlnor. 


LYCOMING 




rOMTCMo sr ircoMfMe — me 
WITH a eeovsM_rMT amo a sutt wtW 


THE AVIATION 

BLAIHe STU$»L£HtLD. WosAington 



HtMpoly-Conpetition Battle Nears Ciiaax 
As Cartaia Rises ea MeCarraa Bill Heariags 



Ptt HeCanan's bill proposing 
o poo) tbe Interests of all alr- 
lioes In an American flag line 
asporatlon or "chosen Instru- 


e you read this. 


posed to tbe community cor- 
pntloa. and In favor of a 
onpetltlve foreign - service 
sfMem. as advocated by the 
UrUnes Committee for United 
Sutes Air Policy, sponsored 
bf tbe 17-alrllnes group. 

All Oov eminent depeuWents 
-Navy, Army. State. Poet Of- 
an, Commerce, the CAB. and 

NeOsiran bUL*^*l^ 
bp Pan American and'unlted 
Air lines, by a minority of the 


Sion, probably no route permits 
will be forthcoming until 
Capitol HUl approves. And, for 
that reason, settlement of this 
years-old controversy cannot 
be much longer put olT. (Also 
see page 211 .) 


d iv a fairly strong faction 


uld not over-ride 
>y the President. 
>. Ztoyce, Airlines 


iwauon; they want two or 
w* operators on routes 
ysre the tralflc will support 


11 foreign-service ap- 


Ceming Up 


ACCA Alrplan 


jgri^Or*anl»aUon Meetins 


hence the Beard 
will be ready to give some de- 
— B this Summer and Pall, 
the existing law calls for 


eign-servlee certin cates would, 
per se, extend the Oovem- 
ment's competition policy. And 


withhold policy action 


Affecting tl 
competition battle Is a 
move by the Transport . 

“* * - -*.lng for the rail- 

‘Int^ratlon of 

" This would 

inclusion of aviation 
under a new Transportation 
Department, or under the In- 
terstate Commerce Commis- 
sion. Sen. Ernest W. MePar- 
li (D. Arlz.) Introduced a 
calling for a study and re- 


policy. 

McParland’s bill Is pending 
before the Senate Interstate 
Commerce Committee, which 
lost jurisdiction over aviation 




V try- 


_ [o regain it In the 
sstor"lntegration." Toforcs- 
test of Interstate's jurisdic- 
tion. a duplicate of the Lea 
bill (revising dvil air law) wt 
placed before It, and Sei.. 
Joslah Bailey, of the Senate 
Commerce Committee, offered 
resolution discharging Inter- 
ate from further consldera. 
tion of major 


committee in the Senate, 
both that and In- 
was being 


Defeat 

terstate 

predicted at this writing. 


Interdepartmental conflict in 
the Oove n iment continues to 
prolong the uncertainties of 
aviation, as It has always dot 



by Its 

- y. with rails. 

shipping, and other airlines 
pa^clpetlng in British Over- 

Airways Corp, On this 

. the Airlines Committee 
argues that an American for- 
eign-service competitive sys- 
tem can operate smoothly 
alongside British monopoly. 


Meantime, the schedule '. 

>r early hearings on Sen. Pat 
McCarran’s bill providing for 


the Rouae of Representatives. 
* Interstate A Foreign Com- 
X Committee, which haa 


e of tbe 


-j will not gel 

around to the airport leglsla. 

There are several bills. In- 
cluding one by Rep. Jennings 
Randolph (W. Va.) requestl^ 
about 3,000 new airpo^, also 

sSoSo^a^Sy* m 

accordance with 

“ gress by CAA. Rep. 
CT’B airport bill Is 


probably this s 

CAB has begun considera- 
tion of Parts 20. 43, and 60 of 
the Civil Air R^ulatlona with 
Intent of rewriting some pro- 
visions. More than a dozen 
changes have b ee n made since 
*he last clrculaUon. 

Time betwbeh physical ex- 
aminations Is lengthened In 
the proposed draft. Minimum 
— for ceiUflcatlon would be 

student permits would be 11 m- 
' to 34 mo. Written exami- 
nations would be eliminated. 


private license would be 
from 35 to 30 on three- 
controls from 25 to 30 on two. 
~ \A and CAB'S Safety Bu- 
seemed s till not agreed on 
proposed elimination of spin 
•— *- In favor of slow maneu- 

Horsepower ratings on 

pilot records would be dropped 
favor of recent experience 
types of craft In which 
. isengers are to be flown, in- 
cluding non-tare-paylng ones. 
Part 43 would provide for an- 
nual Inspection instead of tl 
present lOO-hr. ‘ - 


Charles I. Stanton, deputy 
CAA administrator, recently 
said he expected parts of many 
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COHVAlfl 37'S INNARDS 


WARM, rvt ra q mt , carpD fftcilitks, « 
I •! pa»«nfcr t>mR»i ti i m itt. PI*m 
ler-typc cnsino. L^Ui tl cnft h 


aimelds wlU be aet aside for 
belloopten when tbey 
meroua. Because of their dif- 
ferent Ssrlns ehararterlgtlca. tt 
will be CAA's obllsatton to In- 
sure safety for both axed «tw 1 
rotary wins aircraft without 
ijnpoeins nuisance resulatlona 

it |w\ el^er. 

It Is probable, however. Is 
Stantoo’s belief, that <9eia- 
tors of bellcopteni may ' ' 
Intertsted In ai r porl M , a. 
preferrlns Isolated ground — 
except the larger rotor-craft 


--- — . Lynn Probst, who 

will aaslat In expCTlmenta. 


Plane-Theft Craeh 


jOgag* act? 


'iD 

ibtalo Increased 




become popular. In the opin- 
ion of Sen. Pat U^tCarran. Ht 
has introduced a MU. which 
the Senate JudlMaiy Commit- 
tee has reported favora^, 
ftiftHng the theft of an air- 
plane In Interstate commeTce 
a federal offense, with heavy 
penalties attached- The Com- 
mittee’s report reasons that 
stolen airplanes could, in a lew 
minutes, be beyond jurisdic- 
tion of the State in which the 
theft occurred. All ahplanes 
cerUffed by the CAB would be 
regarded as In interstate com- 


The CAA haa 

of manufactuxhig an airplane 
for the personal flying market 
This statement was made by 
John Oelsse. assistant to CAA 
Administrator T. P. Wrl^t. 
allay misgivings stirred up 
CAA’s prc^osal U 

perlmentaBon foi 

of light plaM ntlUty. 

Oelsse said that nrtt.tiar 
>r Ur. Wright bad de- 
precated any existing air- 
planes. He said CAA does be- 
hcv e. with many In the Indus- 
h-y, that prewar airplanes, at 
prewar prices, cannot attain 
Idling the po- 


SPOT CIECKIII6 


Aviation Treaty. 




pay^cted. si 


Islng apeed c 
r llsht plan 

'Vl? 


> ^avV Wlld-Alr Colll^lonii 
-l^can They^Bo Avoided T' 

^tured*?”’. ATA £^(iew'penl! 





CemasalNee Ha 3* 

If the fun potentials of acW 
bombardment. incendiaiT wal- 
lops. aiHl shooOng are not c» 
cluslvely realised as a resnlt oi 
the air war on Oermany. tbs 
new and different demonsM- 
UcD being slung at Japa n ms f 
do brick. Qemiany's durs- 
blUty under Allied air s ttafk 
which has reached a maximm 
of about g.OOO alifdanes in o« 
day, has been dlsippolnttng to 
air power enthusiasts, also to 


BELLANCA 


.NBW CA5TLB. OBLAWAKB 


AIRCRAFT 
CORPORATION 
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Aviation Manufacturing 


FenMaUe O.S. Jet-Power Pregraw 
HeraMeJ by LecfcbeeJ*s Shootieg Star 

. . . P»brMry warptoa* ■■tpat 4.2M; Isf U 3 p*r«Mt 
• • . Aircraft Met fc Preach . . . Olve larplcc-ploac 
Actalb: fcrcipa dbpcsal «c KA . . . Kator-craft atr- 
war t hlac M . . . Par pra4lqlaa» research . . . Perfect 
heat Aa-ielap . . . Wrtpht raceab Cyclaae ”7“. 

Rerelatlon of Lockheed's 
F-40 SbooUiic Star fighter 
marks the beglnuliig of a fet- 
power program that Is ex* 
peey to build steadily up- 

topping tte avlatlen progr a m 
before peace. 

Lockheed says that the P-W 


h probably 


other airidane, whk 
means around 600 
range Is said to eqi^ 
usually needed by ccnyentloa- 
al flghteie. HytbauUe aUercB 


fiaps aid maneuverability. Ita 
rate of climb and losul capa- 
are reported good. Potmi- 
tial bad effects of air com- 
prwlblllty on the wings at 
high s p e ed are modified with 
toilfe-llke leading edge. 

Four Lockheed plants ciwi 
the Iforth American Avlatloo 
plant at Kansas City are eon* 
emitra tlng on the InitUI P-M 
program, it Is specifically 
noted that the P-80 was de- 
signed, built, and flown by 
Lockheed and the Air Technl- 
eal Service Command in 141 
d ays. It Is believed other Jet- 
powered designs are nearhig 
the produetloif stage, and that 
these will occupy other planta. 

The P-80W slngl^Jet 
now In the beginning of maas 
pgeduetion by General 
trlc and by both the AUboo 
Division end Its parent. Oen- 
eral ICotors, generates man 
thrust than any other aircraft 
e ngin e, aeemding 
nouneemenU. Ihis 
that its thrust is greeter 
that of present 3M0 hp. re- 
ciprocating engines. Turtw*^ 
oedlt Is given to pio n eer Jet 
development by British Air 
Oommodore Pnmk Whittle. 

Apparently agreemer.. 

with Army Air FonM, the 
British announced that, tn 
addlUon to their RAF Oloster 
Me teor, they have erw thyr Jet 
fighter In advannd devalop- 
ment by De Bavinand Air- 
craft. Ihe Meteor, produced 
by aioeter. is poise d ' — 
Rolls-Royce twin Jets. It 
the first Allied Jet plane — 
be In actlop against the 


power plants. It is known 


February Output 6.286; 

Lag [s 3 Percent 
Aircraft production In Feb- 
ruary totaled 6.283. which was 
3 percent below schedule. 
However, the dally rate was 
up 9 percent from 343 In 
January to 363 In February, 


the 


short month, 
fourth consecutive month 
which the Indusm failed ' 
— — Its goals. Main reasoi 

were labor shortage and 

design changes. The Army 
draft has put some planM Ir 
very serious situations. 
Production In January wa> 
.535, December 6.697, Novem- 
ber 6.747, October 7.U9. Sep- 
tember 7.598. August 7A39. and 
July 8.000. mgh poU 
M aich figure of 9,118. 

WPB’s report said tb: 

log's Renton-Seattle facilities 
had fallen short of sch^ule 
— B-28'8. but the loss was 
— ide up by the other Super- 
fortress plsints. Boeing Is still 
In process of moving all final 
assembly Into the Renton 
plant and of stepping produc- 
tion there of B-17's. 
Breakdown for Pebmary ; 


less than actual 
military requirements. 

The industry produced be- 
tween July 1. 1940 and Jan. 1 
1946. 24S34S airplanes. Includ- 
ing 38.471 bombers. 79.776 
fighters, and 19A47 transports 


_> to the end of 1944, 892.- 
OOOfiOO wwtb of airplanes, 
plus 814.000v000 worth of parts, 
were delivered by the United 
States to the French. The 
U. 8. Navy furnished four 
squadrons of aviation, with 
— inUnulng replacements. OWI 
sports that 1,091 alrplanse 
ere shipped directly from the 
United Statm to the French 
Army, including 319 bombers. 
494 fighters, end 157 tr - 
ports. 


percent; fighters and Naval 
reconnaissance 3973, off 39 
percent: transport 604, .6 per- 
ahead: and trainers 207, 
chedule. February lags 
were entirely In critical mod- 


i International relatlOM, 
PrlorlUes regulaUans 
surplus planes has been d». 
IW^ delivery of aircraft u 
educatloiii] ' 


and overhaul Industry, ehm 
has be c o me large. Is op 
restrictions on sivplus 
sales, arguing that wide db- 
tribublon of used egutpumc 
will promote airport devtioa- 


Rotor-Craft Alrworthlnsw 

Regulations for ntny 
winged aircraft alrwctttalmti 
have been circulated and re- 
vised and are ready for coo- 
slderatlan by CAB, vhleb li 
expected to put tbem In tore 
smne time this summer. ~ ~ 


Surplus airplanes of dvUlan 
and military types totaled 31.- 
346 at this writing, IncludlM 
7fil3 sold, of which 5.400 were 
used In the War Training 
Service of CAA. Of the 31.- 
066 military planes Included 
In the above total, about one- 
third are irrimary trainers, of 
which 604 have be e n sold 
Surplus of transports, mostly 
DC-3 Wpes, some Lockheeds. 
together with 14 Budd Cone- 
stogas. now total 167, of which 
131 have been allocated to the 
airlines and some to foreign 
governments and 
Some, like C-76 Caravans, are 
not suitable for civilian use. 

After a long controver s y, 
the Surplus Property Board 
has placed foreign disposal 
of aircraft specifically under 
control of the Forel^ Eco- 
nomic Administration (part of 
the State Department) which 



lt-6'S EH HIASSe 

ister's Octralt slant, where AJ 
eclasei are canitnicted li 


up-to-date air force and cap- 
able of expansion fer war 
Bctlen. is advocated by Oeo. 
H. H. Arnold, Chief of AAF. 


NACA CbjUrman, recentt) 
stated before C on gr ess that M 
percent of the Commlttee'i 


lems, <mly 10 percent on bssle 
research. Dr. Hunsaker old 
the basic work must be In- 
creased because supenralc 
aerodynamics underlies tbe 
future air weapooa 

Perfect Heat De-Icing 

NAOA says heat de-lelnc o 

ircraft has been ' -■ ‘ 

that 
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Cook Relays are “Extra-Ordinary 

EHfilKEERIllG aud CllAFTSMAIIIEHl 


J&VIIITIOM UROJID 



Vriiellier your requiremenu are for a standard type relay or a special 
type relay for an unusual application, you can rely on Cook engineering 
and craftsmanship to give you those “plus features” of performance 
ami dependability. Cook’s engineering staff is at your service to assist 
you with your relay problems. A staff of field engineers, located in various 
key cities through the United States and Canada is also available to you. 
\A'hy not call on one of these experts when you desire a better relay for 
your finest equipment? 


2700 SOUTHPORT AVENUE 
CHICAGO 14, ILLINOIS 




The Cook Type ||3 
Relay Is on Example c 
Outstanding Relay 
Monufocture 

The Cook Type 1 13 relay, i 
illustrated, is an examplci 
how every energy is e: 
to see that each and even Wa^ 
phase of manufacture is ihi ^ 
best that modem science u 
engineering can prodm 
From the original develof 
menl and engineering s 
through the specificatic 
the best and highest grade 
of materials, the precis 

manufacture of all parts, 
careful assembly, the rigii 
testing of the compleic 
relay, every step along the 
way is an operation in whii 
Cook craftsmen take pride 
witli the knowledge iha 
their efforts depend the ' 
tinuance of the Cook n 
tation for the production d 
“extra-ordinary” relay: 
Nothing is left to chance 
with a Cook relay, 
is a carefully engineered 
item.all materials must pa‘t 
the inspection of our meul- 
lurgical laborator 
no “wishful thinking" dm 
some stock-bin part is"good 
enough". . . It's this ckw 
attention to detail ibil 
makes Cook relay: 
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•^OLAR is linked with the destiny of 
jet propelled aircraft. Major jet propulsion 
engine parts are now being produced in 
Solar plants under contracts with General 
Motors Corp. and the General Electric Co. 

One of the principal reasons why Solar 
has been selected to manufacture these par- 
ticular jet engine parts is because they are 
made of stainless steel — a metal so difficult 
to fabricate that it requires exceptional en- 
gineering and manufacturing skills. 

Solar has acquired these skills during 


the past fifteen years as the leading mai 
facturer of stainless Steel aircraft exhi 


thotiry on design and fabneation of : 
less steel parts and structures to resist 
corrosion and vibration ... is expert, 
forming heat resistant metals into intrio 
shapes and to close tolerances. 

Solar's superb stainless steel engineerio ' «*ertng up to <25,000.000. 
being put to good use in the iinpoiui a aersoavUcal Co. 
field of jet propulsion. It is also 

able to companies in the aircraft indu«) jS,.0et 31, iSM aBKlnstj 
^ VUU or I 1 J 6 n ahare in 

> Bte 1M3 period. Sala 
» MM85.433 against <as,- 
2“ the previous year. Net 


ywp. Is developing 


■Jtog toward dUtrl 
bousehtdd and ctMn 


■Wch showed net 
n.ios.m or Me. a 
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Every vitcd accessory in the Boeing 
B-29 Superiortress must perform effi> 

' caently on the long flights to Tokyo 
[ and back. 

^ One vital accessory in every bomber 
;?.’is the Andover Auxiliary Power Unit, 
h* useiTon, the Superfortresses to develop. 


auxiliory energy for starting the huge 
‘.ns^ors, for operating turrets, bomb bay 
. floors, radio and other equipment 
' Today. until victory, all out 

and builcbng are for ’(he armed 
jnfvices — tomorrow An^ver Motors 
^rill be ready'lo supply industry. - 
Our informative booklet "Andover 
.Auxiliary Power", may.’jmggeet how- 
motor can help you in the | 

era of peace aitd 


Postwar planning is on the minds oi all alert 
business executives today. They ore on the 
lookout for new ways to increase production 
efficiency and to lower production costs. 

One oi the most revolutionary developments in' 
the combustion engine field is the Andovw 
Auxiliary Power Unit ... a light weight port- 
able unit that will economically operate sudi ' 
things os air conditioning systems in busses, < 
refrigerating systems in freight cars ond trucks., 
heating and lighting systems in railroad cats 
.. . . dependable "stand-by" power for a him-, 
dred postwar uses. 

Us^ separately to supply horsepower {jud 
under 82 pounds in weight) or with adapter and 
generator (only 116 pounds in weight) to furnish 
electric energy, the Andover Auxiliary Power 
Unit will provide greater energy out- 
put per pound oi weight than bee 
been ovailable to industries hereto 


ANDOVER MOTORS CORPORATION«ELMIRA, N. Y. 

. WHOLLV-eWNED SUBSIDIARY OF ANDOVER KENT AVIATION CORPORATION 
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O UT ON niS FUST UlIISlON, the 

young £^ter pilot ran into some 
enemy planes and, as he radio'd 
lliir^ort, piled into the fight. On his 
I ((Bin to base, the Operations Officer 
[idcd if he'd been scared. "Who, me? 
Lim a bh — was surprised to find my- 
I euul and calm the whole time. Why 
Ujonask?” 

I I was just wondering,” replied 
lipefslioiis, "when you reported 25.000 
' Doming in at eight feet.” 

MART.EHIGMA 

Wesskyon, Glenn Martin, we ask you : 
Tke plural of Mars is — just wluu? 
There's no wracking of brains 
AsSkytrain becomes 'Trains. 

I(kspd-cl inging dubs 
Switch Cub into Cubs, 
ds wearing bibs 
Ssy LS> and then Libs, 

BdCbe plural of Mars is — just tvhatT 
Uot« than one Hellcat is Hellcats, 

Id the multiple, Fort becomes Forts. 
Wu becomes Zekes, 

Yak becomes Yaks. 

But for Mars we are minus reports. 

.Aho sev’ral SC jobs are Sea hawks, 
Jnstu simple is mention of Nells, 

Or to point *5l's out as Mustangs. 

-Yad how easy "s" goes on all Bells ! 

But lordy, egad, and my starses ! 

Must we say. Mister M. — “Those are 
ffarjes? 

• Checking over some airport dau the 
°dier night we found, for one field, 
the warning that pilots should be very 
tarefnl on Sundays and holidays, since 
field also served as a baseball dia- 
*f- Whew ! In addition to the guys 
»ho don't follow traffic pattern now 
TOO gotta watch out for foul balls from 
■be ground, too. 

Report from another, out in 
f Texas, says to "look out 
0^" Ha, udiat does the man 
‘c»e been looking for these nianv. 


retire quietly to a comer and 
- 0 - 1 . 

• Recently your old Side-Slipper spent 
time with the First Air Force’s 
^(^rniat Crew Training Wing, a 
^ ^ch of lads if ever there was 
!^They'« training crews on die 
“*Pas A-26, and all the instructors 
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are young-old men wbo’ve put in at 
least one tour of duty in Curope or the 
South Pacific. Most of them spent 
good long stretches otR front, learning 
the hard way. One for example, flew 
a B-25 to New Guinea two weeks after 
finishing flight school and didn’t waste 
any time getting in action. Later, when 
he transferred to an A-20 he had ex- 
actly one hour transition time — which 
included shooting three landings — be- 
fore taking it into combat. 

Every one of these veterans is more 
than willing to go back to fighting: in 
fact in one group they all nv>nr to get 
back in action, they want to go out and 
again put their lives on the line. Guys 
like that make it more than difficult to 
understand how people who call them- 
selves American can gripe about not 
having every luxury; or how thev 
can stall around on the job or walk 


out on strikes that mean shortages of 
materials needed to do a long, dirty 
job. 

• Get your feet in the trough boys, 
here’s a new way to make a million. A 
recent CAB application for routes be- 
tween the U. S. and the Orient said die 
applicant would use a plane of his own 
design, and proposed that the govern- 
ment put up the shekels to develop the 
craft, “a plane of secret design." Tbe 
Board was told it had better not foot 
around about putting up the money 
either, or the designs and programs 
will be offered to a foreign nation. 

• Cigaret'loving friend of ours spent 
his spare time as a plane spotter dur- 
ing the early years of the war. He 
now insists that his eD^ierience is prov- 
ing invaluable in .spotting cig.aret lines. 


ORROW A HUNDRED 
XILIARY POWER UNIT 


The excellent fatigue resistance of moly^clcnum 
steels has proved itself in aircraft structures 
over a period of fifteen 
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^>M irtkukrtions o«Swr* d«liv*ry off sub-zoro €rtmo*- 
phoros to world’* kirgo«t oHHudo wind twnnol. 


Dry* «lr i* <vried Co die world's lerpe 

enzineeifitudc wind cuane! by Uaesiosulsted with Jobes 
MeoviUe heavy brioe thick Rock Cork Pipe Coierio| 
and J-M Zerotcx fitting ineulexion. 




Id the Aircraft Eogine Research Laboratory of the National 
Advisory Committee for AeronaMtics, Cleveland* Ohio* the 
Id-nnit. 21.000 H.P. refrigeration plant has a capacity of 
7.000 tons of refrigeration. 


The plant provides any wind ttinnel temperatures be< 
tween plus 39^ P- and minus F. 


To neiwre dellvory of nlr at desired temperatures to the 
wind tunnel, and the smaller Idng Research Tunnel, Jofans- 
Maovitle Insnlatioos are used throughout the refrigerated 
systems. J>M Rock Cork Lagging, Rock Cork Pipe Cover- 
ing,Zeroseal, and Zerotex fitting insulatioo protect the lines. 


J-M Rock Cork is sealed against moisture . . . provides no 
home for vermin, mold or bacteria. It is stmcmrally strong, 
and forms firm, tight jotnia. In sheet and pipe covering 
form, it may be sawed or worked with ease. 


I intortnotlen about J-M Rock 
Cork . . , or about other insnlatiag materials 
needed in aviation . . . address: Jofans-Manville, 
22 Bast doth Street, New York 16, New York. 


^evesav end elr weke-ae end of Icang Reseat^ Tan 
!l with J-M Rock Cork insulated suctioa pipia|B 
rcgcound. S' diameter make-up line, supplied by tee- 
ressors in large photo above, is ‘ . • r. _ 


shown St left of 
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KBeN-EYMD SHOOTEItS 
USB RAY-BANS 


Wherever eyes are subjected to 
iatense glare, io training or in 
combat, our fighters protect their 
vision with Ray*Bfins. Long a 
favorite of sportsmen before the 
war, Ray*Bans cut glare-produc- 
ing rays to a minimum. In bright 
sunlight, eyes are cool, relaxed 
and comfortable, vision is sharp 
and clear. 

The workers of Bausch&Lomb 
ere producing more Ray-Ban 
Sun Glasses than ever befo re ' 
all to meet urgent military needs. 


After Victory, civilians seeking 
visual comfort and glare protec- 
tion will be able, once mote, to 
purchase genuine Ray-Ban Sun 
Glasses and Shooting Glasses. 

BAUSCH & LOME 

OPTICAL CO. • ROCHESTER, N. Y. 






In War and IN PEACE / 


Passenger Loading Platforms for airlines ond trans- 
ports recently were added to the list of products man- 
ufactured by Aircraft Mechanics, Inc. Because ea^ 
must combine durability, mechanical perfection and 
good appearance, each must be manufactured with 
flawless skill and at a cost encouraging use at both 
large and smoll air terminals. 

This item is representative of our Intention to pro- 
duce any type of aircraft port or accessory, demond- 
ing welded tubular or forging fabrication, for 'die 
aircr af t and its allied industries. We hove served 
th^e industries through the manufacture of essen- 
tial ports since 1932. and ore pri'vlleged to include 
among our present customers more than fifty of the 
maior air craf t manufacturing companies. 

Because we are producing satisfactorily for there, 
we know we can serve you, too. Write us, today, 
for full information regarding our designing, engineer- 
ing and momufacturing facilities. 

HELP SPEED VICTOKY . . . BUY AM EXTMA WAP BOND 



* AIRCIKAVT MBC1IA111CS - 

COLORADO SPAINeS. coi.oe.Aoo 








This New Mark means 
BETTER Metal Sanding 



LONGER, COOLER CUTTING LIFE ' 
For Coated Abrasives 

Afore resistant to heat . Less sensitive to humidity 

DURABONDED is the result of Behr-Mannii^'s 
new process for hardening the adhesive bond, to re- 
sist cutting heat, retard loading, repel humidi^. 
Actual field reports on metal sanding operations 
using DURABONDED abrasives show a 2S% 
average increase in cutting life — at no added cost. 
Have one of our Field Engineers show you how 
DURABONDED can help on your production. 


Drop 1 
either 


r letterhead, 
irest branch. 


BEHR-M ANNING • TROY, N. Y. 

t'.ELIAHLE COATED ABRASIVEE SINCE 1872 
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H>W»1 AifffiitahiHrr m wiirt , mil thto 
F«dcnl traBMUiner — the FTR«S — ia on 
the Job ersy minute of the dny, ev e ry 
day of the year. The only lUreel human 
attentkMt h veeeWeo ia a ronttne Inapeo 
tioti viait ... ahevt enee a month. 


The need araa for efflelenl* unfailing 


. . . (dUdb FwtUrmI •qmipmmt dettrera. 


Electrical 

Appliances 


ticaiyi 


'*’••• Mr o n. k 


dIj* < 






UUmut TrwtfwiMr *3 

^DHer|b>^ ^niMliw ^na^s^^tor cfU- 

Da^opad by T*i ■niai <''ht«doi 


cunolna ■Iasi* watareoolad aadluter 
lu^^an^ bawi o^jatercoalad capacitors. 

ClreiH It— fcw U 

^n^ oj£tric'- S ay a ot^ *H^b' 


ploTina now prtnalplo < 
with low voltasa* ooacr 



ts« 





Aircraft Paris 
& Accessories 


*U aciually 


*^ 4 « 0 N, 
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A BODY STYLE FOR EVERY NEEO 

BirninfiA 

Body styUs mw tUmitrai^d on*~bdf ttz* 

PRECISION COUNTERSINK CUTTERS AND PILOTS 

1 * 4 « 

Cmtltts m» iUnrtTtttd on*-/ulf sit* 


<• re* M(w CATALoo 


ZEPHYR MANUFACTURING COMPANY 

Paaory and H«W 0{^: 201 HIndry Avanti*. ln«lawood, Callfomta 
Datim loenud in all frintipal eitias 


m 6TH AVENUE "EL" WAS NOT SENT TO PEARL HARBOR f 


January 22nd issue of TIAAE Magozine, we ron this 
Non with a headline readings "Remember when we 
M 6lh Avenue 'B' to Pearl HarborF" 

Wiwas o mistake. 

eM Avenue *B" was rrot sent to Pearl Horbor — thanks 
he straight thinking and vision of Mayor F. H. LoGuar> 
k, Stanley M. Isaacs, Manhottan's Borough President, 
hssftport of the other members of the Boord of Estimate 
e Cty, and the strict adherence of the Harris Struc* 
Steel Compony, contractors for this work. The con- 
I for the demolition of the “B* stipulated that the 
>ep iron would not be sold or exported directly or irtdirect* 
my foreign country with the exception of Great Britain, 
ne pound of this scrap ever left the United States, 
d^lhot was three years before Pearl Horbor — back in 
' Weosement" days! 

•oo bad there weren't more men thinking straight in 


these days. Because more than S million tens of scrap was 
sold to the Japs during these three years. Artd many an 
American boy was hit by fragments of that American steel 
— fragments of our own weak thinking in the past. 

Well, we're strong now. America will come out of this war 
the most powerful force on earth, and the time to start 
thinking strong is new. 

Our gnatnst tmmediale contribution to Amorieon ttnngth in 
the future— strength here at ho me m u tt be the proviaon of 
(obs fft our returning fighting men; jobs and aocurity for alH 
And today, the engineers of the machine tool irsdustry eon 
greatly help the men of government artd of industry to 
provide those iobs ... to plon now for the reconversion of 
our tremendous resources in moteriois and plant equip* 
ment to all-out production for a better Acnerical One of 
these engirteers is a Bryant man. We urge you to call 
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Evary Wyman -Gordon forgiog is 
quality controlled . . . and behind 
eyoiy Wyman-Gordon iorging stands 
the broadest and longest experience 
in the drop forging industry. . . . 
Wymon-Gordoo forgings are mode 
today from five to five hundred 
potmds, 


WYMAN-GORDON 

WORCESTER • MASSACHUSETTS 
HARVEY, ILLINOIS DETROIT, MICHIGAN 


ANNOUNCEMENTS — 
of BOW araeblee feels, sbep sfslp 
saeef eed weNi'lets. elsctrlsd 
oppUeeces, aad eirereff psrh 
end oeeesseries ere leylfed fsr 
laelBslaB Is these celewes. 

le wrifleg, eatpbesls spss 
specMe e el ef l ee oppHceffees 
eewtvaMrkefed ttssn Is Ash' 
oMe, eed whsesw pessMs 
glesiy prist phete s Aee t d be s» 
closed, neete de set seed des- 
ires. Moeoteeterers sbcsld e^ 
dre ss eeee e e e ewssts t^ - 
New fredeets tditer. AVIATWM 
IN W. 42d St., Mow Terb CHt <* 


PEACeFUL 

When the sight of a plane means a wave of the hand instead of diving 
into a foxhole . . , when it’s passengers and parcels instead of bullets and 
bombs . . . you’ll find thousands of commercial and private planes wing;ing 
their way through the skies dependably and economically ... on 
Holley Carburetors. For almost half a cenmry, through war and peace, 
Holley Carburetors have provided the utmost in carburetor dependability. 

HOLLEY 

AIRCRAFT, ’^UTOMOTIVe, GARINS 

CARBURETORS AND ACCESSORIES 
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uiCING ** fAST®** 

WITH *A CAnaoa "AN” Coaoectors are built 

strictly to Spec You can depend on it. 
Intetcbangeability is easy and bst. Replacements be con* 
neccor assemblies without adjustment while in service. 

And you can depend on their performance, too. You are 
sure that every Cannon Connector will cany its rated cur* 
lent with an absolute minimum of voltage drop. 

Cannon Connectors are made esp>ecially to meet flying 
conditions. They maintain paket contacts even under ex- 
treme engine vibration. They stand up under exposure to all 
kinds of weather and atmospheric condi* 
dons— extreme temperatures, sand and 
dust, and tropical h umidity . 

Use Cannon Plugs in your 
electric circuits and be sure 
the connectors will measure 
up to your own highest 
standards at moderate prices. 


CANNON ELECTRIC 

^ — ■-f T| 

■ mm4 

■ ■■■ HliJiU tlmhit 

a«p w nfn rtr « t to Frindpml CMm— C ttO 



Tips for Aiaska-Eound 

(Continued from l>age 113) 

moderate dilution and a great deal oi 
preheating. The reason for thu n 
that many engines will not easily rejji, 
and maintain temperatures hij), 
enough for quick, effi< ‘ 
in flight under extren 
tions. Oil temperatures must be fairlj 
high or the gas won’t vaporize out oi 
the oil — and there you are, flying al 
over heaven-knows-where with a in 
hazard on board. Generally speakug, 
most northern pilots agree that iti 
never wise to dilute over four minute, 
and that two minutes is about the bat 
dilution period. This period, of course, 
is governed by the type of engine. 

if prime, 

don’t think something is wroig 

shots. It takes more than that to st 
you. After the engine does kick, dx 
your oil pressure immediately, ami 
stop it if the pres 
instantly. 

It may often be necessary to take oi 
with carburetor heat on, sii 
temperatures fuel does not vaporiu 
sufficiently to give good combustioa 
You may think you’ve had the Sondai 
morning shakes, but wait ’til you t 

The intense vibrations caused by stai 
ing an engine before enough heal 
applied can shatter glass, damage i 
struments, and break or loosen fittings 
In flight use enough power on the fi^ 
approach to keep your temperature 
Just light your pants, you may n 
your engine quickly in an emerger 

Avigellee 

Good avigation means getti 
to the wife and kiddies in oi 
Bad avigation means becomii 
bait. Good avigation is knot 
country, using all aid available, b 
ing your gas supply and consuiti( 
and being alert. Bad avigation is 
ing the scenic route to a wooden 
with your head up and locked. 

It is wise td use maps frequently i 
pin-point yourself, talcing into conti> 
oration time, speed, and distsno 
When you get lost up north, one t»D< 
looks like the next. Landmarks, wbk 
are familiar when you know 
you are, look completely unfamiliJ 
when you are uncertain. 

Radio ranges up north are being m 
proved constantly, but beams do hi' 
splits, dog legs, multipb 
and fades. Use the radio ral«e 
ways, but remember their possible 
ings. 

The radio com 
plished liar on 
lion of the rout 
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Keep your eye 
on the 


BALL « 


BEARING ! 


Por socceM in sports, 
keep your eye on the balk 
Pot success in Tomorrow’s 
higher speed industry, keep 
your eye on the B»U Bearing/ 

More then 300 million New E>epar- 
ture Well Beaiings ere at work in this 
war — but that’s Just the beginning . . . 
For entirdy new conceptions of machine 
power and apocd have been bom, ren- 
dering much machinery obsolete and 
proving repeatedly, that the Ball Bearing 
has more of the characteristics India- 
ponaabla to higher speeds, heavier loads 
and maximum rigidity. 

There ia no aubstitute for Ball Bearings 
and no substitute for the technical ex- 
perience and creative engineering that 
go into New Departure Ball Bearings. 
So . . . keep your eye on the Ball 
Bearing . . . the New Departure 
Ball Bearing. That's keeping 
your eye on Tomo rr o w f 

Jtmk for your copy of "Why 



NEW DEPARTURE 

BALL BEARINGS 


NEW PEPASniSE • DIVISION OF 
GCNERAt MOTORS, SCISTOU CONN. 
Solm BronckM, DETROIT. C.M. Bldg. 
CHICAGO. 230 N. MichiQon Avanu* 
iOS ANOCUS, SD3S GiHard Avmw* 
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iliilr. You ntiglit 
ilnuKht on the wn 

*1 Rtoot in the Arctic is to try like 
craiy to get foiiml immoliatcly. 
dances of hring discovered are g 
a once and decre.nse as time goes by. 

P »1 condition in case von have to try 
walking out. 

Initially stay by ymir plane, if pos- 
able, and start a fire inimeeliately — 
for warintft and to guide searchers 
from the air or on the ground. If it 
> ^e fire don't sleep too close to i 
Anyhow, at the start, it's better 1 
stay alert for searchinv nlaties at 
W your fiare g 
side to signal tli 


You nni«t above all Slav just like a 
Sroond sefiool — warm an<i dry. Don’t 
’•“t Take off excess clothes for 
forking, and keep vour socks espe- 
'"Dy free from moisture. 

B you are good at making sna 
*« improvising trap.s, you can catch 
•“B game. Don't try to live on r 


The performance reooeds established by mofe chan two mfliirwi Briggs tc Straccoo 
engines are conclusive proof of their perfection in design, their fine 
et^ineerii^ and ptecitioa manufacture. Current models, and those ‘ 
to come, are batJeed by the "know bow” gained through 2S yeara 
of coatirmous ptuduction of AIR-COOLED Gas^ine Ei^iiMa, 

BRIGGS K STRATTON CORP., Milwaukee 1, Wu., U. S. A. 


nfn on the radio compass and see it 
peiat to the tallest mountain in the 
y^ity. Following it is not so amus- 
Isg. Id weather, most Army pilots 
^ree (hat the loop gives the be^ re- 
Q^tion and cuts out most of the static, 
(fuming on an oral null will also give 
resnita. 

Proper mixing of pilotage, dead 
ndmning, and radio checks will result 
ia a smooth avigational cocktail, with 
rxi unpleasant after-effects. 


Assume that Rosie the Riveter, at 
dK factory where your mount was 
asde, turned around to whistle at a 
risiting pilot and drove a faulty rivet 
ihicli ultimately punctured your fuel 
line, and maybe still another rivet hit 
Msisie the Welder. Then maybe 
everybo<1y was so busy sympathizing 
«ith Maisie that they forgot .-dmut the 
rod line in your airplane. Haltway 
hriween Watson Lake and Whitehorse 
wn suddenly find voursclf floating 
iri.«urely earthward with a silk 


Other perishable foods 
fighting Yanks are nisbed 
refrigerated trucks from supply depots, 
units are powered by 
■erformance-proved air-cooled gasoline 
engines — one more of many war uses 
for dependable, instant-starting 
Briggs ft Stratton engines. 




SOKTION GUIDE TO INCO NlOCa AUOYS 


^ Weatherhead 


PROPERTY. 


CORROSION 

RESISTANCE 

1 

I 

i 

STRENGTH 

M6h| high 

TOUGHNESS 


HARDNESS 


MACHINABlllTY 


NON-GAUING NO NO 

NO NO U3I 

SPRING 

PROPERTIES 

iff?l NO NO 

coNDucnviTY POOR POOR 

POOR POOR POOR 

HEAT 

RESISTANCE 
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AWAY AHEAD! 


bit alone, though, becauae if do all 
7 «Mr ttrength will go to jrour eara. 
There are 6sh in all streams and flies, 
in jrour back pack. Grouse can be 
knocked down arith a rock, U you can 
find th em ‘they’re not too smart. If 
yon've got a 22-cal. pistol it’s a Tcry 
good deal. A 45 automatic won’t help 
you much, since it practically disinte- 
grates anjrthing smaller than a moose. 
One pilot shot at two rabbits when he 
set foot in the brush, and all he could 
find was a few tufts of gory for. If 
you can, boil your food. If not, roast 
it. Howerer you go about it, cook 


If you are lost far from your coarse 


fish, people, water, 
easier walking, and ultimately cigar- 
ettes. Rivers are the north’s main 
highways, and are about the only 
places where people live or have 
cabins. Trappers nse the rivers, and 
you can use the trappers— or at least 
their cabins. 

While traveling, take time out and 


warmer part of the 
frozen ^xits. 

Before closing this rather 
narrative, it might be well t 
the fact that the "Route” is 
coming refined widi all focUitia 
ting better and better. But dtef 
this fact make you careless— it 
isn’t as easy as riding 
in good weather on a paved si 
Of course things are gettii^ ci 
Not so long ago, one clown 
a shack just outside of the Big 
— and he was grounded for i 
months afterward. When he i 
Fairbanks, he found out that 1 
dusted the newest branch office 
White Castle Hamburger Co. 

Happy per diem I 


-(t)x(f) = 


-(t)x(i--) 


-4(s) 


The symbol C, represents the cr 
wind force coefficient, and the slopes 
again expresseil in radians, 

The cross-wind force acting Oi 
airplane can be expressed as a fum 
of the wing span 6, and the IcoftI 
Thus, 

(dV/d*) - biU. 

Wind tunnel tests show that t 
an average value of about O.lZ 
The value U is usually ohta 
from a wind tunnel test which wtB li** 
rolling moments at various angki ^ 
yaw. From Fig. 5. we derive tbeW- 
lowing relationships. 
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Tobe Leads the Noise Elimination Field 


of unwaated radio interference set up by the 
operttioa of nearby electric motors. And few 
•oorces of eogineering advice on this subject are 
a eq^enced as the Tdbe Engineering Staff. 
I'd* is the sKknou/ledgesl leader it* this p^d; 
w organization has devoted 17 years to the 
niricite problems of ooise elimination. 

TV large #1182 Navy-Type Filter iilustrated 
is an example or our specialization. Ex- 
fniae the curve and container dimensions. This 
~ only one of a large number of filters designed 
’ tBtet special needs. Send for complete details. 
* “ Vlp you solve any problem connected 
"nh blotting out unwani^ "man-made” radio 
“oc. Your inejuiries are welcome. 

W MUTXHIUNN CO>P.,CilHTON, MUS. 
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Powered byP&WEngines 
Built by BUICK and CHEVROLET 

— HYATT 


gM. ■i = tv'-' 

^ - 7 X X 7 X i X 1^5 

-|x(‘‘^‘)x.ra., 

oK&li 
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1V> ci|ualion is frefguently wrinen 
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Crankshaft pertormance must be dependable— thus the thousands ofP&W 
radial engines built by Buick and Chevrolet to power Liberator Bombers 
and Transport Planes are insured by the use of Hvatt Roller Bearings. 

Close tolerances, freedom from defects and uniformity month in and 
month out are paramount and the technique developed by Hyatt over the 
past 53 years is the assurance of quality in aircraft bearings. 

That’s why so many Hyatt Roller Bearings are used in every field of 
industry, throughout agriculture and transportadoit, as well as in our 
weapons of war. 

HYATT BEARINBS DIVISION • SENERAL MOTORS 0 0 R PO RATIIK 

■nriHalolm mtm •oHI HBoOniO iulnN.MNM * 

**0 ATIATXOK, ifdt 


Proves 

(,Co%ti»ued from page 176) 

^ vedces. Since the throttles can- 
M te ^ened until the loekini' lever 
■ Bond, takiBg off with locked eon- 
Oob a inqiossible. 

, hfid^r flrhv qualities we re shown 
BA tniniiif bombinc misskMt at ffie 
'*«e (S.C) Army Air ^eld, coot" 
■“W ^ Col. AfAur L ' Ennia- This 
V u one o{ four of the First Air 
Combat Crew Trainhie 
«*Kht bases which are devoted 
«rewa on A-affs. 
uutnictors are '‘retumeea", 
of European, Mediterranean, 
Pacific Aeatera who have 
“2?*^ •* l«*»t one tour of duty in 
r"Jh* A-20’s, North American 
Martin B-26’s. 

miision, on which Aviatiom's 
*n**l0N, AfO, 1»M 








Stinson 


Thm AirerafP Standard of tha World 

DiyrS/Oy^COSSOLIDATSD VULTEE ATRCnAFT CORfOJUATtON 
WAYNE. MICHRSAN 


Air Patrol. CAA records show that the Stinson Voyagsr 
is the safest personal plane ever produced in quantity. 

The Stinson Reliant AT-19 is widely used by the 
British as a navigational trainer. And almost every air- 
line in the United States uses Stinson planes to train 
and check their pilots. 


PROVED IN WAR S 

liaison planes built by Stinson are again proving their 
utility and reliability — this time under the toughest fly- 
ing conditions evernet by planes of this size and pusMji. 


on a hard-won beachhead. So a Stinson Flying J< _ 
—the Sentinel 1^5— scurries across the deckofacan«> 
to take the air and land in the midst of battle « > 
sheO-pltted air-strip. 

AVIATION, ApA *** 


Medical corpsmen urgently need transportation for 
specately wounded men lying in a field rimmed by 
fire. And Stinson ‘‘Flying Jeeps” land alongside 
take them swiftly and surely to the rear. 

Here at home, another Stinson plane— the Voyager— 
artied out 65 per cent of the operations of the Civil 


it was a plane ahead of its day. 

The world had never before seen a plane that com- 
bined in its design an enclosed cabin, wheel brakes, 
electric starter, and a cabin heater. 

Into this new plane “Eddie” Stinson had also built 
another important “first”— an inherent stability that 
has been a characteristic of every Stinson plane built in 
the intervening years. 

Constant improvements in design and performance 


Stinson **Firsts’* 

flRST to fly from Detroit to Tokyo. 

FIRST to fly from New York to Bermuda. 

FIRST to carry government air mail in China. 

FIRST to carry government mail in Mexico . . . and b 
the Philippines. 

FIRST to explore the Greenland route to Europe, die 
present-day route of the North Atlantic Air Fen;. 
FIRST to provide air-mail pick-up service. 


— tuniner un far an 


IHE VOYAGER 

Stinioa for future mass production is 
The Voyager 125 is a product of Stinson engineering, 
deigning, and production skill gained in our 19 years 
^experience in building quality personal planes — first 
krufe peacetime flying and then for tough battle flying. 

TIk Stinson Voyager 125 is a family plane that 
onies the pilot and three passengers, vrith plenty of 
space beneath the back seat. Powered by a 125- 
ei^ne, it has a cruising range of 480 miles, a rate 
cEmb of 700 feet per minute at sea level, and service 
of 14,000 feet. It has a maximum speed of 128 
Ju and cruises at 115 m.p.h. at 80 per cent power, 
tikes off, with flaps down, after a run of 545 feet, 
with a roll of 265 feet. 


We welcome inquiries about the Stinson Voyager 125 
and about our plans. The Voyager 125 wrill be coming 
off the assembly line 90 days after the time when the 
necessity no longer exists for allocation of all manufac- 
turing facilities to production of airplanes for the Aimed 
Serx-ices. Write to Private Sales Direetor, Stinson Di- 
vision, Consolidated Vultee Aireraft Corporation, Wayne, 
Michigan. 


Here’s news for owners 
of Stinson planes 

You can obtain parts for your Stinson plane 
through your local Stinson Distributor, or 
direct from the factory. Stinson service will 
help keep your plane in the air! 





ith Capt. Doiigr- 
Dean, was typical of the 56th 
operations, simulating actual 
dotis insofar as possible. fr<Mn 
pre-fli^t briefing to the "post 
..mb' interrelation by veteran 
^jifenee officers. 

Evoy step followed a rigid schednle, 
f^dtng takeoffs at 2 D-sec. intervals. 
0 BC of the A-26’s unusual climbing 
iby. lets than normal time was re- 
siri to get the 36 participating planes 
nm flights of 18 craft each — in 
unfinn and on course in a climb 
Of enough to use the altimeter as 
nK of climb indicator. 

Evasive action against theoretical 
i^Hstrcraft fire was taken by the en- 
BK (tnop as it moved toward IP 
' ' ' Point) at speeds heretofore 
ed by medium bombers. While 
icbbI figures may not be revealed, it 
os be said the bombing run was in 
of 300 mph. "Enemy” fighters 
bring out of the sun were able to 
one ineffective pass at the 

'dinaled by two 
the lead plane of 
flight — and at their signals every 
I landed within the specified tar- 
{Salthe specified second. With bombs 
(Doe, the entire formation made a 
^break-away which brought speeil 
Baear fighter-plane rates. 

Efleetiveness of the flaps and gen- 
mi kudling qualities of the Invader 
tec dearly shown on return to the 
when Capt. Dean brought his 
in to a perfect landing at just 
100 mph. in a moderate cross- 
sin] and with three other planes nii 
dennway ahead. Having four planes 
« tbe runsray at one time is standar.l 
fntfiee with the S6th for, as one pilot 
J« tt, "when we have airplanes lu 
in in the air or back on the ramp we 
ke ‘1 foot around”. 


Sm Promts* in Poprog 

(Conttnued from page 144) 

*as also the slope of the stress- 
'»■ curve. 

The material indicated low resis- 
“» to fatigue when loaded to 60 per- 
the yield strength, and this 
1 part, be attributed to the low 
ion of the material. Considcr- 
“k heat was generated within the 
during the test, nic Conso- 
was also partially dissolved bv the 
«IvaB action of the aromatic fuel, 
*». the negative absorption values 
"tonatic fuel in Table I. 

wf Stress ttoers 

percent reduction in tensile 
“CW was observed in the investiga- 



DARNELL 

CASTERS 

• Save Money, 
Floors, Equipment 
and Time by using' 
DARNELL Casters 
and Wheels . . .Al- 
ways dependable. 


OfIRnELL CORP. LTD., so ujPiKEfl ST , fifoi voflH. n v 
lonc BERCH caiifORntfl, 36 n ciimon, chicrgo. lu 
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• of the physical properties of lami- 
^ which had faces indented to pre- 
^ a ooo-skkl surface, and this led to 
^ort study of the effect of a known 
riser (a hole) on Papreg mate- 
iHa 

AH tests were conducted on a tensile 
p^oo with a hole bored in the center 
fage length, as shown in Fig. 3. 
jkiinens were tested in a Southwark- 
^ry machine, and stress-strain 
wres were recorded. ' A tabulated 
kanary of the results of this investi- 
compared to a similar test 
•I24STAL appears in Table II, and 
fSphical presentation of the same data 
I Aown in Figs. 3 and 4. 

Kcsults indicate that in both mate- 
Us die apparent modulus of elasticity. 

plotted by an 


INLINE FOR THE AIRLINES 


Here in this clean, compact packa^ is power for the 
airplanes of tomorrow — airplanes that will knit to- 
gether the world's growing network of airways. 

Latest in production of a long line of Ranger en- 
gines, the Ranger Twelve is ready to take its place 
as the efficient power plant for f ee d er line transports 
of the new air age. 

Constantly improved since its inception. Ranger 
Twelve is backed by fifteen years of Fairchild experi- 
ence in building aircraft engines. Its dependability 
is assured by Fairchild precision construction and a 




heritage of careful research and engineering skilL 

Inline, aircooled, inverted; one of the few trulv 
highspeed aircraft engines in existence, the Ranger 
Twelve delivers smooth power. The simplicity of its 
design can sharply reduce the airline operators' in- 
spection and maintenance expense. 

Within its design, too, lies a promise ... a promise 
for even greater efficiency and sleekness in 
Rangers to come through that quality built into all 
Fairchild products, "the touch of tomorrow in the 
planes of today." 


Oiviiien ef Fairchild Engine and Airplane Corporation 


Farmlngdaia, Long Itln 
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r«Fr*e-Ftyw»*a CeBbtaoHeu 

Combinations of Papreg and ply- 
were first investigated in connec- 
■ho with use as high strength, light- 
•ught flooring in aircraft for support 
^ heavy cargo. Designs investigated 
■neorporated a center core of light 
wood or plywood, faced on both sides 
vith high-strength paper laminate. 
Thu design allowed the Papreg to 
thsotb die high fiber stresses which 
’’eenrred at the extreme face of the 
®*Jrtiig as a result of bendii« : while 
*** Walter, lighter pl 3 rwood absorbed 
the lower stresses in the region of the 
Dentral axis. 

Low moisture absorption of Papreg 
Pvjnils ir to perform as a moisture 
s™ for the plywood, hence it would 
w possible to use one sheet of the ma- 
^*1 as a replacement for a sealing 
igesL 

T'or Investigation of the physical 
properties of the combination, speci- 
(Table III nd Figs. 1, 2, and S) 
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• To meet new industrial requirements 
in many fields, REX-FLEX Stainless Steel 
Flexible Metal Tubing is now being pro- 
duced in a new 6' I.D. size! This latest 
addition to the C.M.H. line of flexible 
metal hose makes possible the use of 
REX -FLEX in numerous new applica- 
tions. Sixes now range from */i6' to 6" 

I.D. (Incl.). Five standard wall forma- 
tions^^are available. 

In addition, this new 6" flexible metal tubing has all these- 
outstanding REX-FLEX features: IBS Auttenitic Stainless Steel 
. . . Non-Corrosive . . . Withstands Extremes of Temperature . . . 

Light Weight in Comparison to Strength Great Burst and Crush 

Stretigth — Nigh Fatigue Resistance . . . High Vibration Qualities 
. . . Pressure Tight for Liquids and Gases . . . Manually Bendable 
in Multiple Planes . . . Fittings Seam Welded to Form Uni-Metal 
Assemblies. 

Learn how REX-FLEX Stainless Steel Flexible Metal Tubing 
can meet your requirements. Write today for complete in- 
formation! 


Flexible Metal Hose for Every Industrial Use 


CHICAGO mETALHOSE 

■ ■ ■ 1 ■ mRVUfOOD. ILUNOIS 
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_fe machined from a series of panels 
^rieated from aircraft plywood faced 
e raryingr gages of Consoweld, and 
were milled parallel and perpen- 
to the face grain. The ma 
U was tested in the manner of the 
gU Consoweld. \ bearing test v 
sad, and load was transmitted by a 
a teough a hole in the end of the 
(Fig. 5). Bearing stren^h 
defined as the load at which r 


directly with the thickness of 
Coaoweld on thd face of the birch, 
ad diey approached the properties of 
pve Consoweld as a limit. The tensile 
^nperties of the spruce-core laminates, 
ililioi^h intlicateil in the tabulated rr- 
nlli, were not plotted because of 
into the data, resnlt- 
■shing action of the 
the jaws of the test equip- 
The tabulated tensile properties 
q>ruce-core laminates are, there- 
lower than would nor- 
be expected. 




The epic of flight, of man's resolute will to win the 
air, is still in the making. Yet when the story is 
entered in the chronicles of the 
future, the Constellation will sig- 
nal the end of one chapter and the 
beginning of another. It will be 
recorded then: the routine trans- 
continental flight of less chan seven 
hours, the precious cargoes swift 


to the war fronts, the superior speeds and rate 
of climb and load capacity. All these will be re- 
vealed and it will be evident that 
Lockheed's Constellacton brought 
to full expression all the triumphs 
of the past, establishing new stand- 
ards in air transportation and set- 
ting a true course for the designers 
and builders of the future. 


FOR NEW WORLD STANDARDS IN AIR TRANSPORTATION 
LOOK TO /adiao/ FOR LEADERSHIP 

LoekhetJ Aircraft Corperalien, Burbank, Califemia 
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Slcillfnl ineii and masvalous machines 
make difficult {obs iike this — look so easy I 


The latest type of modern automatic equipment, repre- 
senting hundreds of new production devices pioneered 
by our engineers, combined with the exceptional stdU 
of our loyal workmen enables us to bend tubes into 
the most complicated shapes to fit the most exacting 
requirements. 


precision work for your lube-bending prohlenis and 
prompt deliveries. 

Write for informative booklet about tube-bending st 
Hs best to American Tube Bending Co. Inc., 4A Law- 
rence St., New Haven II, Conn. 


the addition of a thickness of 
g opens the field of primary 
ure to Papreg combinations, 
tfy cargo floors which must re- 
siling loads <d great magnitude, 
jnly display adequate strength 
fabricated with this type of con- 
ion, but also present a hard sur- 
which increases resistance to 
ion. Control surfaces of this con- 
tion exhibit improved strength 
Jso greater resistance tu the ele- 
, becaiiM- ul I’apr^'s sealing 

silarly, secondary structural 
. such as fuselage sidewall panels, 
strength and wear-resistance tn 
ibrasive action of sliding cargo, 
addition of Papreg on the faces of 
3od panels. Many other applica- 
— only show improved proper- 
leight-saving as 


) Papreg with an ultimate ten 

gth of 31,300 psi. and a specific 
ity of 1.36, compares favorably 
24STAL on a strength- weig' 

I basis; that Is, It would have 
ced ultimate tensile strength of 
10 pn./S.G. as compared to 23,700 
S. G. for 24STAL (S. G. of 24 
IL is 2.7). 

I) Because of the method of fabri- 
■— laminating from thin impreg- 
d sheets of paper — many strong 
complicated shapes can be created 
leadily formed with the aid of a 
molding operation. 

I) Wood strength-properties can 
Tcatly iftcreased by the additio 

teg material bonded to the o 

a In this manner, wood structures 
be designed to carry loads far i 
»s of the normal wood strength. 

(4) The Papr^ material does, how- 
wer, suffer from low elongation and 
consequent low resistance to stress 
fonrentralion. Assembly methods such 
u boiling or riveting would necessitate 
i reduction in the allowable strength 
riflie material. 


Rtview of Patents 

(Conliniicdirom pope 201) 


Tiny oil lines, intricate manifolds, intake pipes, exhaust 
coUectora, etc.— for airplane and automotive industries, 
for plumbing, dairy equipment, locomotivee, and machine 
tool production. 

Here's exp^Rence. skilled engineers snd workmen, 
modem equipotenc and good management to assttio 


JbMBRICAN 
TUBE BENDING 
COMPBNT, INC. 

FRBCISIOH to oiioraft «,«oda,4« 

AVIATION, Apnl. I— 




Sharp, minute particles of dust, grit and pipe 
scale, as well as corrosive elements of oil emulsion and moisture 
are eliminated from the air stream when a Norgren Filter is 
connected in the air line. 

This NTorgren unit is readily installed right in 
the air line. Easy to clean: solution and impurities fall to the 
bottom of the bowl^^pen the pec cock and blow them out. 
Double thickness \ionel Screen may be cleaned by removing 
the plug on top of the fitting and lifting the screen out. 

Cut air tool maintenance costs by eliminating 
destructive impurities this simple way. Install a Norgren Filter. 

They Are ‘INDISFENSABLE to ALL Pneumatic Installatieas 1 
WRIT! roo/ir roR catalog cm. 

e. A MORGRIN CO.. 2M SANTA 
DRIVI . . . PINVCR T, COLORADO 




NORGREN FILTER 


* NUMBER 14 IN A SERIES OF MESSAGES BY KELLETT AIRCRAFT CORPORATION 



See that shadow! It is symbolic of a new and 
different type of aircraft. Rapid progress has 
been made in helicopter development during the 
war, under Government sponsorship . . . and the 
modem helicopter can be expected to play a 
practical and useful part in the great future of 
air transportation. 

The special flying abilities of the helicopter 
qualify it for many time-saving peacetime appli- 
cations . . . augmenting conventional air trans- 
port . . . serving and saving in uses beyond 
present limitations. 

So look ahead and look aloft. While all present 


Kelletc facilities are concentrated on military 
production, the Kellett engineering staff and 
productive organization are working toward the 
day when "flying without wings” will take its 
useful place in tomorrow’s skies. 

SEND FOR INTERESTING BOOKLET 
There may be some questions in your mind 
about the helicopter ... its capabilities, possi- 
bilities, and its probable post-war services. If so, 
send for an interesting booklet, "Answering 
Some Helicopter Questions.” Write Kellett Air- 
craft Corporation, Dept. I, Upper Darby 
(Philadelphia), Pa. 


KELLETT 


OIPKST ROTARY 


fINO AIRCRAFT MANUFACTURING COMFAN 

ATXATIOR, 




HEAT TRANSFER 

SPECIALISTS 




highly 


'A /of of pianos oso TitoAox shhUingr* 

Tes. This shows it on some of nearly all U. S. models. 


that they are producing assemblies for so many «{| 
America's war planes. Equally gratifying is the wi<kl 
acceptance given to specific Titeflex engineering derel-l 
opmenis in ignition and power sliielding. Thel 
Titeflex "Unimold ignition lead . . . ‘.Aerocon conduitl 
. . . and *Unimo1d spark plug elbows . . . (I>ese arc 
l>ut a few. 

We welcome your request for a copy of '‘Plsno 
That Fly With Titeflex.” If you should have sac 
problems involving the radio shielding of high lemioa 
or low tension electrical systems, our Engineering 
Department will be glad to make recomniendatioBs 
Titefuex. Incobporated - 
510 Frelinghuysen Avenue /^BBK 

Newark 5, IV. J. 


“Planes That Fly With Titeflex” is the title of a 
supplement to the Titeflex house organ. Originally 
planned as an educational feature for our own em- 
ployees. we are glad to make it available to executives 
and engineers in the aviation industry. 

Your copy is w'aiting — and we will gladly* send it 
upon request. 

“Planes That Fly With Titeflex" pictures many air- 
craft engines with the Titeflex ignition shielding 
assemblies with which they are equipped. Next shown 
are most of the aircraft, themselves, which use each 
particular engine. Almost all of the larger American 
made planes are pictured — from primary trainers 
to the mighty B29. 

It is gratifying to all Titeflex employees to know 


I^UTIi 













In an athlete, it is called ‘STAMINA.* In a ball bearing, it is 
DURABILITY — and It is determined by die Inbuilt features that 
ofeguard against wear and break-down. 

The NORMA-HOFFMANN ‘CARTRIDCB* BALL BEARING hat all these 
Vital features, developed to the last degrees— wear-less, friction- 
free, all-metal seals (removable and replaceable) sealing lubrt- 
ant in and dirt out, regardless of shaft anglef at least double 
die grease capacity of any other single-row bearing. A design- 
diat holds the grease ON THE ROLLING SURFACES, where It Is most 
effective. 

Read about these, and other, valuable features of the NORMA- 
HOFFMANN 'CARTRIDGE* BALL BEARING in the Catalog, sent on 
request. Or, ask our nearest office to have one of our Field 
^Bghieers call and explain. 


THE HERBRAND CORPORATION • Fremont, Ohio 


Orop-Forged Tools Since 18S1 


MA-HOFFMANII BEARING CORPORATION 
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STAMFORD, CONNECTICUT * Founded 1911 

*W YORK - CHICAGO • CIEVEIAND • CINCS4NATI . FITTSBURGH • DEnOfT • LO 


H ntAMOSCO • SeATTlt WASH. 





SOUTH BEND 
TOOLROOM 
LATHS S 


When unpredictable precision jobs tax tooli, 
facilities. South Bend Toolroom Lathes help keep 
work going smoothly. Their superior design and can., 
workmanship make close limit toolroom work ea.ci> 
Tlieir smooth power and rugged construction make th 
equally popular fur exacting production operations. 

Versatility is often as important as accuracy, 
ease with which set-ups can be changed for nuini 
precision operatioiArplus wide ranges of spindle si 
threading, and power turning and facing feeds 


Locked In The Material 


THE ROSAH LOCKED-IN 

For Fa*t0niii9 MmiaJ, PJasticM and Wood Partm 

Rosw Locked-in Studs furnish permanent fastening 
points in all types of materials. The serrated Locking 
Ring (see Ain illushation) prevents backing out or 
loosening under vibration or torsion. Installation 
is permanent, but the units may be removed by a 
simple shallow drilling operation without disturh- 
JnQ the parent material. No oversize replacements 
necessary, saves repair time and parts storage. 





Siininonds Controls fnrUe a Soaadiy 

Ea/iaeered Selatiaa to Ereij Pask-PaU PnHem 


Hli'l HER yonr c em oce coo- 
ttol problem involves tfae 
coordinarion of » blimp’s engiae 
controls... tfae measotii^ of * loco- 
motive’s operating efficiency. ..or 
file limitless otfaer emnples in fiie 
wide range bracketed by diese ex- 
tremes a ready solorioo is offered 
by tfae use of piecision^Kiilc Sin^ 
monds-Coraey Push-Pull Controls. 

Developed origlDally for aircraft 
uses, where dependability and ef- 
ficien^ are ac a faigb praraium, and 


offer to design engineers a simple 
but advanced syst em in the field of 
mechanical t em oe e control, replac- 


ments. For a complete engineering 
analysis of your puab-pull prob- 


Simmonds 


PRODUCTS 
INC. ^ 


AlMCISSOKIBSe INC 
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Aircraft gears from 
tiny instrument 
gears to 6-in. diam- 
eter 


C. Torque type actua- 
tor designed and 
built for use with 
hydraulic motor 



PAS A D ENA 


A COMPLETE LINE OF SMALL ACTUATORS 

The torque type actuator projected above is 
a continuation of the VARD tine of fractional 
horsepower actuators. Last month we showed 
you the l/15th h.p. unit. Above is shown the 
9/lOth h.p. model. 

A complete line of this type actuator has 
been developed in capacities from 1/100 h.p. 
to 1 h.p., using the 24-28 Volt D C Motors. 

VARD can design and build for you any 
type of geared actuator. If you will furnish us 
with specific data on the job to be done, n e 
can help you— and quick. 




Performance! 

Dependability! 
Maintenance! 


martin Aircraft 


T ake the Marrm B-26 Marauder, for example. Speed of over 3CX> m.p.h. , 
the firepower of eleveo .50 calibre guns, heavy bombload, plus a record 
for exceptional accuracy io bombing . . . all these establish her outstanding 
performance. In dependability, there's her rugged strength, structural 
soundness, one-engine performance. Combat losses have been only four- 
tenths of one percent, while in training in the U. S. in 1943 she had the best 
safety record of any bomber. Maintenance? She requires less than any other 
bomber. Result: amazing availability which enables her to be in the air 
well over 80% of the time. 


T h ese same features are stressed in the Martin Mars. For performance, 
there's her record of 4,227 miles, non-stop; on another flight she carried 
23,846 lbs. of mail. The Mars is the world’s most economical airplane. 
Under optimum conditions, she can operate at less than 6 cents per ton-mile 
for a 1000 mile trip, which is the lowest direct flying cost for any transport 
today. Dependability is shown in her ability to make regular trips between 
Alameda and Honolulu every 2 or 3 days. This same quick tum-aroxmd 
demonstrates the Mars' ease of maintenance, especially since a good part 
of this time is spent loading and unloading. She's the world's largest flying 
boat, can climb on two engines and withstood, in test dives, a h^-million 
pound pressure on her wings. 


[~?QUALX.Y outstanding is the Martin PBM Mariner. Long range, heavy 
bombload and firepower, a remarkable record both as patrol bombn 
and transport . . . these are proof of high performance. Dependability iseffl- 
phasized by rugged construction, ability to take off and land in high seas 
and capacity to take heavy over-loading in emergencies. Indeed, the PBM's 
dependability has been demonstrated by several successful landings on dry 
land with only minor damage to the planes involved. Base of maintenance 
has been proven by the Mariner's moncering of Pacific KATS rontes when 
maintenance facilities at advanced bases were rudimentary. 


F irst plane to fly any ocean on a regular commercial schedule. Pan 
American's Martin-built China Clipper served across both oceans for 
more than ten years before meeting an untimely end when she struck a 
darkened boat in a blacked^nit harbor. During her decade of service, the 
China Clipper flew the trans-Pacific ronte for 9 years, then shifted to the 
trans-Atlantic run. Her long years of service are added proof of the perform- 
ance, ease of maintenance and absolute dependability of Martin aircraft. 
Tbe Glenn L. Martin Company, Baltimore 3, Maryland. 


and data to all vt 

tbeaelectian,£abricationandheattrest- 
ment of ferroua and non-feiTOus metiJi. 

' A/icke/ 

a to Tocimical Ubrary Sonrieo 


VHB INTBBNaTIONaL MICKBL COMBaNV, INC., <7 Walls,- NawYaribN.'- 
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Excel in All 3! 


to KEEf* 'EM 
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Tlianks , Franklin. . . 


Dooing doul>ic-dockpr air* 
linrrs— with passenger lists num- 
bering above 100. will be in service 
at war's end ... spanning conti- 
nents and seas at speeds close to 
400 m.p.h. Safeguarding such 
flints will be Barco products — 
Flexible Joints, protecting vital 


flui<i-conve>ing pipes from vibra- 
tion and shock, providing flexi- 
bilitv to brake mechanism and 
hydraulic lines. The safety value 
and low maintenance of Barco 
products proved on the B-20 
Superfru-tress led to their choice 
for the Stratocruieer. 


AVIATION, April, l»4fi 




ITrite us about oar 3,000-pound pressure bustie 
Joint for aircraft cytinders and other applications 


bad FLEXIBLE JOINTS 

D#%lvW^^ £gas=a!s:?-JS'i.’'a^ 

"MOVE IN 
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WesHnghouse ... a working partner of the aviation industry . . . 

SINCE PLANES 

\ 

BEGAN TO TALK 


Th« first planes in World War 1 were good — 
but dumb. They had no vmce. If the pilot wanted 
to tell the aitiUery where to aim he had to drop a 
monkey wrench ovt the side with a note tied to it. 

Then planes began to Ulk; the first crude air- 
craft radios were introduced, and Westinghouse 
^ectrical units were installed to supply the 
power. During 1917 and 1918, Westinghouse 


built thousands of these wind-driven, high- 
frequency alternators lor aircraft. 

Increased plane speeds soon made the wind 
drag of these early units excessive, so Westing- 
house developed a engine-driven gener- 

ator. Power requirements of planes grew steadily 
as time went on and battery charging was add e d 
to the load. Generator ratings increased, too. 



For the rigid airships "Los Angeles", "Akron", 
and "Macon" Westinghouse built motor-gener- 
ator sets to supply radio power. 

In 1930, Westinghouse designed some oi the 
brsl generators for use with small auxiliary 
engine drives. 

About this time the Army and Navy began to 
look to au xil ia r y engine-driven power plants 
for heavy bombers and large patrol craft. To 
meet this need, Westinghouse developed a 5 
kw generator. Some of these units are still on 
active service. 

\ Today, Westinghouse is building a wide 
range of lop-quality, electrical power and con- 
tiCi^ equipment for airplanes. 


Hie Type P-1 generator, for example, (shown 
below) has turned in the best record yet 
established for this type of equipment. 

Design and development work continues. 
Take one case: among the most important 
results of Westinghouse research is the new 
brush process which solves the problem of 
rapid brush wear at high altitudes. 

Piofeet this 27-year record of research and 
established performance into the future. 
It constitutes a sound reason for making 
Westinghouse your working partner in 
aviation progress. Westinghouse Electric & 
Manufacturing Company, Small Motor Division, 
P. O. Box 868, Pittsburgh 30, Pa. 


\ 


\ 


\ W^stin0house 

vtANTS IN as emes orricEs cvesvwhere 
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Crystal gateways for your uoico 


CJimtS CURRENIS 


Four hundred and eighty telephone 
coDversatioDS over a coaxial cable 
was one of the last peacetime 
achievemeots of communication 
research in Bell Telephone Labora- 
tories. In this multi<hannel tele- 
pbone syatem, each .conversation 
is irao^Kirted by its own h^- 
freqaency carrier ciirreat. At each 
end of the line are crystal gatearays; each opens in responw; 
to its own particular “carrier*’ with the mesaage it trans- 
ports. In telephone terminology, these gateways are filters^ 
The nltra-sdective characteristic of these filters is msde 
poss i ble by pieso-electric quartz plates, cni in a special 



manner from the mother crystal, and mounted in vat 
Tjirh set of pistes is precisely adjusted so that the fikir 
responds only to the frequency of its assigned chsnael. 
rejecting all others. In the coaxial terminal equip 
such crystal gates sort out messages Tor delivery to tbdc 
four hundred and eighty individual destinations. 

In recent yeara. Bell Telephone Laboratoris naeani 
has provided the Armed Forces with many types of d*- 
tries] equipment in which frequency is controlled by 
crystals. Notable is the tank radio set which enabl^ a 
crew to communicate over any one of 80 different trw 
mission frequency channels by simply plugging in ^ 
appropriate crystal. The future holds rich possibilitiss fc> 
the use of quartz crystals in Bell System lelejAonesc “'■* 


■ ■LL TILBPHONC LABOli 

nvmting.dei'Uing aj%d perfecting for our Armed Forces at war and for continued 


/j and ccenamicsin tch-phonrir' 
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hftiped us increose production 15% 
tool life over 100%” 


W E GET BETTER RESULTS with Gulf 
Lasupar Cutting Oil than with any other 
cutting fluid we have tried for drilling master 
connecting rods,” says this Foreman. "Lasupar 
helped us step up production 15% and tool life 
over 100%.” 

Here is a cutting oil that may be die answer 
to your tough, hard*to-speed-up machining 
operations— and to your requirements for am 
exceptionally fine finish on die woric. Gulf 
Lasupar Cutting Oil has set new standards of 
performance for tough jobs in hundreds of ai^ 
craft, armament, and munitions plants. 

And war production reports on Gulf I^upar 
have a peacetime value: This performance- 
proven cutting oil can give important help to 
shops seeking lower unit production costs for 
postwar business! 

Gulf Lasupar Cuning Oil — and die other 
quality cutting oils in GulTs complete line — 
are available to you throu^ 1200 warehouses 
located in 30 states from Maine to New Mexico. 
Write, wire, or phone your nearest Gulf oflice 
today. 


GULF OIL CORPOIATION 
GULF REHNING COMPANY 

WU MUM, FltTMUlll til, SA. 
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FIVE OF THE 
5,312 RELAY TYPES 




VACUUM SWITCH 

KEYING RELAY 


lhhSWirtlwrm^)iii1ilTyp«78CCAl<» |mJ» Iw^Mio M^-vattaga 



SHOCKPROOF 

to 90 G’S 


?S^cno»' 


I 9nwK.i 

w 

I H«r«'s a ralay thol 

««n‘l opgrat* uninlgnMonolly a* o rMull of 
4wck or vlbrelien— th« Strutf>gr*-Dunn Typ* 1 
I7AXX d*sign»d to m««t gaacting B2A 
VKiflcatient. Small in *iz«, li 
il n m H and •xcaodt all <pociflcation> for 
well wrvicM. 

WRITE — for your copy of 

th* big Shvth*rt-Diinn Rmtoy 

Catalog and Data Book ... 




.EXTRA HEA^-DUTY 

CONTACTS 
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STtUTHERS-DUNN, INC., 1321 ARCH ST., PHILA. 7, PA. 


STRIITHERS DlUN 


MEMBER 

THE ELECTRIC STORAGE BATTERY CO., PhiUdelphi* 31 

Exide Bwteries of Caowia, Limited, Torooio 
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Pittsburgh Paint 
Fiies with the "MARS" 


Mallory does produce its precision bearings in 
tity! So much so that their cost today compares 
favorably with other types of sleeve bearings. 


B acked by the experience of supplying sleeve 
type bearings for military aircraft engines, 
exactiog specifications have become commonplace 
at Mallory, 


mmeosional tolerances 
duction ;range as low as 
finishee are 


least of all, bearings undergo such rigorous inspec* 
tion (fluorescent and X-ray examinations are in- 
cluded) that even when they are manufactured in 
enormous quantities, variations average less than 
one percent. This one percent, is, of course, rejected 
— your final assurance that Mtdiory bearings are 


PiTTSBURCII 

PITTStUlOH STANDS POK QUAliTY- 





SEND FOR THIS CATALOG 

Sead for Micro Switch Haodbook*OoUog 

of Micro Switch sn*p-«c(ioo switcbes, ictu- 
*cort cad bousiags for urcnft use. Ve will 
s«ppl7 at maar copies as pout eagiocets 


e Switch ■ ■ ■ 


"Hie lype Switch, of which millioos are in use in the airctaft 
induscry, employs the same three>bladed beryllium copper spring con- 
struction which has proven so successful in every branch of industry. 
Contact separation of the R-31 is .070* to interrupt highly inductive 
loads at extreme altitudes sansfiacrorily. Knurled contact surfaces in- 
extremely small loads. 


Die cast enclosed switches, with special actuators, are enclosed in 
housings of die cast aluminum. They are standard equipment in mUitary 
and commercial aircraft because of their combined ruggedness, light 
weight, compaaness and high electrical capacity. Their long operation 
assures reliability and a minimum of mainiettance. These enclosures 
^ provided with a choice of conduit linings and ate available in side 
bottom mounting types. 


ig the precise, snap-action 
ly meets the needs of each 


oo Swtidi goes'nrther than chat . . . much firtbei 


Micro Switch supplies these switches with actuators 
to extend their usefulness and with die cast housings 
developed ^>ecilically for aircraft and aitciafc acces- 
sories. They assure die ruggedness and long life 
aiiaafi usage demands. 


any types of Auxiliary Actuators are provided to protect the plasdc 
enclosed switch against the abuse of severe service and to make possible 
the operation of these switches by unusual actuating motions. These 
actuators make it possible for these snap-action switches to serve par- 
ticular purposes, such as throttle warning indicators. In some designs 
iTord easy means of insrsUation and adjustment and ^o fscUitate 
fidd replacement. 


Housing , , , 





HIGH MAGNETIC 
PERMEABILITY 


HIGH PURITY 
IRON 

(Globeiron) 


TEMPERATURE 

CTDUirr KtololAfil 


STRUCTURAL PRESSURE 


AUTOMOTIVE POLISHED COLD DRAWN SSt* 


ANNEALED MECHANICAL 


RECTANGULAR ROUND 


‘You can be sure ol 


linless. Advanced madiinery and 
tracteiize all mill operations. 

The uniformity and quality of Globe Steel Tubes is controlled by 
constant checks and lesu in the Globe Laboratories, equipped with 
complete facilides for chemical, physical and microscopic analyses 
Globe engineers gladly give you the benefit of specialized knowl- 
edge and experience gained from countless laboratory and field tests 
of cubing in a wide range of services and applicadons. 


GLOBE STEEL TUBES 
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y;ou’re looking for products 
to protect vital airplane parts . . . 

These special products wiU meet your needs 

and Army and Navy specifications 

1. CITIES SERVICE ANTI-CORRODE Nos. 112. 112-A. 114 

Fw an exterior aurface cotroaion preventive, meeting Army-Navy Specification AN-C-S2 
Type 1, Type 1 Alternative, and Type 2 . ’ 

2. CITIES SERVICE TROJAN AERO No. 3 

A low temperature grease, meeting Army-Navy Aeronautical Specification AN-G-3a. 

3. CITIES SERVICE ANTI-CORRODE Noe. 109, 110, 111 

Engine preservative oil, meeting Army-Navy Aeronautical Specification AN-W-C-576a- 

4. CITIES SERVICE SOLVENT ‘*26” 

Cleaning compound for all engine porta. 

5. CITIES SERVICE CISCO SOLVENT 
Cleaning solvent for engines and blower clutches. 


To secure derai/a ot 
any of f Aasa produota, 
snt mail affacAed 
^■VPon . . . There la no 
^ftion, of ootueaf 
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wtigh'in lightar 


The installation of Fiberglas Aircraft Insulation, instead 
of material formerly used, let the Curtiss C-46 Commando 
weigh in 200 pounds lighter. 

Fiberglas Insulation, Type 
XM-PF b a lightweight, incom- 
bustible material. It b made of 
fine fibers of glass, bonded into 
a flexible blanket form. It has an 
exceptionally low mobture pick- 
up, even under conditions of ex- 
treme humidity. Fiberglas XM-PF 
weighs as little as one pound per 
cubic foot, yet provides an opti- 
mum of insulating effect. 

It b easy to handle and install. And it requires no stitch- 
ing or fitting to maintain ito form and shape, even under 
extreme vibration. Fiberglas XM-PF Insulation serves a 
dual purpose in aircraft construction, providing a highly 
efficient acotistical and thermal insulation. 










Fiberglas 




JOBS OF INDUSTRY. . 


Helps the Airtiiies increase pay leads and coahl 

Transports, released by the army for commercial service, 
are also being given the advantages of Fiber^as XMPF, 
where weight reduction means bigger pay Joads and 
tomer comfort pays dividends. 

Fiberglas, in other forms, b bca| 
used by the military and 
^ mercial aircraft industry for bed 

new construction and 
work. A few of the types and va 
ore bated below. 

If you do not have complete dm 
on Fiberglas in all of ' 
forms, or if you have 
which Fiberglas may help solve I 
write: Ouieiu-Coming Fibergbl 

Corporation, 2891 Nicholaa Building. Toledo 1, Ohio. /» j 
Canada, Fiberglas Canada Ltd., Oshawa, Ontario. 


* Special Heat-Resisting Steels 

* Aircraft Quality Alloy Steels 

* Bearing Steels . . . Nitralloy Steels 


T o meet your present and future needs for 
these q-uality alloy steels, two completely 
integrated Electric Steel plants, one at Chicago 
and one at Pittsburgh are ready to serve you. 

Unequalled facilities for on the spot rolling. 
Finishing and heat treating permit us to furnish 
electric furnace alloy blooms, billets and bars, 
slabs, plates, sheet and strip, as well as standard 
and special sections. Wide flexibility in furnace 
capacity makes it possible to handle, promptly, 
small orders as well as large. 

In these plants the fine art of stfcel making 
has been brought to new peaks of perfection. 
For not only are the men who control and oper- 
ate them thoroughly skilled and experienced, 
but they have at their service as fine, complete 
and modern electric steel production equipment 
as anywhere available. 

The steels they produce reflect these facts. 
The close control possible in the electric furnace 
. assures consistently uniform response to heat 
treatment and to forging, machining and weld- 
ing processes that can be readily translated into 
better performance of your end product. 

CARNEGIE-ILLINOIS 
STEEL CORPORATION 

Pittsburgh and Chicago 


STEEL 
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World’s fastest and 
most accurate 
communications syste 


ADAPTED FOR TRANSPORTATION 


PRECISION MEANS SUCCESS 

In whatever liiey do — saafie, reconneiter, dog-fight or bomb — fighter pdas 
must have pim-poiot preciaion for success. * It*s that way, too. with 
the mc^than-69,000 Allison engines which power their swift. 

high fighting planes. For it is precision in 
working with metals which gives Allison 
ei^ines their great power, their 
smoothness, their low we^hi. 
their economy with fuel and their 
Icaig range. • These qualities 
will be equally important in 
the planes you will enjoy in the 
future. * They are qualities 
bom of the precision which 
will mark any product 
that ever bears the 
name Allison. 


LIQUID-COOLf D AIRCRAFT INOIH 




By means of Finch Facsimile, any message that 
can be written, printed or illustrated on paper 
can be transmitted as far and as fast as electric 
tircnits reach by wire or radio. 

A ^leet 81^" x 11" can be transmitted in two 
minutes, wfaicfa can contain many hundred 
wards, pdus ^locographs and drawiogs! 


This is a speed of electric transmission never 
before equalled. And the accuracy is absolute- 
Furdtennore, tbe definition is finer than news- 
paper halftones. And tbe cost is reasonable. 

Begin using Findi Facsimile in a limited area 
and expand as desired. Include Facsimile in your 
postwar planning- 
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hours— INSUROK T-640 is proving 
its ability to outlast and out>per- 
form ordinary materials . . . mitb or 
without protective finishes. 

' The reason is simply that, so far 
as we know, there is no laminated 


f^Modt^lMineledmSUROK 

tyUent sp those Mted sehert 
""’•soistmrt m i s o r htmn is tnentit! 


ich has the l«ur 
of I-aminated 
•640. In addi> 
uniform dielectric and 
mechanical characteristics, and can 
be fabricated. These and other fea* 
tures make INSUROK T>640 ideal 
for use with radar, communications 

variety of other war or peacetime 
products. Write for complete in- 
formation about INSUROK T>640. 
Or ask Richardson Plasticiaos to 
suggest a grade or type Laminated 
or Molded INSUROK best suited to 
your needs. 




RICHARDSON COMPANY 


of experience inde 
signing equipmcD 
for heavy industry 
Whiting has acquired tt 
background for solvioj 
wide range of aircraft handlint 
loading, and nuuntenanee ptob 
ns. Whiting engineers coUsbona 
owner and operator to prodoa 
matched units that work smoothly to 
gether, save time and labor, and redua 
waste motion ; and Whiting’s Collateral Eo 
gineering Service engineers will gladly dhos 
each of your problems with you as it arise: 


CORrORATieN 

AVIATION Division 


15614 Lathrop Ave.. 
Broadway. Loa Anades iS. ^ 
Iiitiiig C<vparation (Caiim* ** 


MATCHED EQUIPMENT 

THAT SAVES TIME AND LABO~ 
IN HANDLING, 

LOADING, AND 

MAINTEaeABiCE 


and wet! 
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aw^-brtaking C-97. WUk a lat 0 k ^110JL4b 
over I4t fi-, ittr Mp aitxaia all aaiMing Anap . 
rangt, paytaai, aai »%ae. 


Cargo counterpart of the famed B>29 is the tremendous 
new Boeing C-97, unveiled in a burst of glory when it 
looently made a record-shattering flight from Seattle to 
Washington, D. C., averaging 383 milea an hour. Whether 
carrying a full load in its 10,000 feet of cargo qtace or 
100 fully -equipped troops, one thing is certain — the 
C-97 is in a class by itself when it comes to helping our 
Army **git thar fnstest with the mostest.’' 

The reepiMiail^ty for powering this mammoth dilp 
lies in four Wright 22004i.p. engines, and |daying an 
important part in their steady, dependable perfonnanoe 
are CECO carburetors- Of a highly specialised design, 
these carburetors are built to operate at pressures ranging 
from sea level to 40,000 feet altitudes . . . under external 
temperatures running fttmi 60* below sero to ISO* above. 

Every man and woman at Chandler-Evans is proud 
that the precisioa and quality of the carburetors they 
make is sndi that they have been selected as integral 


Quality control to b(M 
these properties widda 

Diversified production' 
facilides — coordinating 
in one place all the com- 
monly used metaivrorfc- 
Ing processes. 


CO also oners you a spedaliaed engineering: and pro- 
"know-bow’' to convert your design into a practical 
cturing proposition. Ampeo's rtadon-inde organizadoa 
engioeers is ready to assist you. Call on us. Write on 
■siness letterhead for Eogineering Data Sheet 125 and 


m 
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CURTIS UniUERSHl JOIUT CO. lOI. 

SPMlianELD. MASS, f • SOLE OISTAISUTOM. BOSTON QEAR WORKS, NO. QUfNCY. MUL 



tu boiler control installation 
»a example of Parker Fluid 
Mer Eoginecring. 

To guarantee the prompt 
j accurate registering action 
chemany meters and control 
vices that make up this sys* 
n requires a precisely engi- 
ered tubing layout that will “ 
<)w ease of application in a' 
®pact area . . . provide easy 
noval of instruments and 
otrol apparatus- for mainte- 
Kc or replacement . . . guar- 
smooth flow and low 
«snre drop through the 
“nination of sharp turns 
^internal obstructions. . .re- 
the number of joints and 
®«wons. It calls for the 
sguing “know-how” that 


will insure a simplifled, neat- 
looking, readily-serviced, 
trouble-free installation. 

Parker Fluid Power Products 
are vital in this system . Special- 
ly designed to do the job. They 
have been proved by 20 years 
experience, and are serving in 
thousands of industrial piping 
installations. 

If you are using ... or plan 
to use . . . fittings, valves or 
fabricated tubing — on presses, 


machine cools, earth-moving 
equipment, motor vehicles, 
aircraft, refrigeration and 
prcx:ess applications, look to 
Parker for effective installa- 
tions and dependable products. 

A Parker engineer will be 
glad to work with you, and 
three modem Parker plants 
have the facilities you need. 
The Parker Appliance Com- 
pany, 17323 Euclid Avenue, 
Cleveland 12, Ohio. 


F> /\ R K E R 
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r/f/N FUC /’ IM 2 L 1 OF 


f /J_ nf dirt y 

JjAgh FreffiieiK'Y ( 'a hies 

)tE iSpRF> TO F\ r.U'l moil SI tM> Hill 


A Ug iamllj — 29 types of high frequency cable — yet 
so are tbeir standards of eonstmction and per- 

formance tbat every one of tbe following Intelin Higb 
Frequency Cables meets all the requi r em en ts of the 
most e x a ctin g speeificationsi 

1. Coaxials Solid-dieleetriCs Semi-flexible Liness ''‘RG-5/Us 
6/U, 8/U, 9/U, 10/U, 11/U, 12/U, 13/U, 14/U, 15/C, 

17/U, 18/0, 19/U, 20/U, 29A/0, 54/0, 54A/U, 58/0, 

59/0. 

2. Coaxial, Air-spaced, Low Capeeitance Lines: 7/0, 62/0, 
63/0. 

3. Con-gtalj Attenuating lanes: R6-21/0, 42/0. 

4. Hlgl, Impedance, Spiral Delay Line: RG-65/0. 

5. Dual (balanced) Lines: RC-22/0, 57/0. 

6. Dnal^oaxiaL Righly Ralanced Lines: R0-23/O, 24/0* 


Intelin has devdoped and produced the a 
Whatever your requirements in high f 
cable, consult Federal first. 




B y subjecting every product to a series of tests before 
it leaves its factory, "CARBORUNDUM" saves indus- 
try an untold amount of grief. Uniformity of tbe abrasive ' 
means uniform wheel performaoce. Absence of flaws 
reduces down time in your shop. And these ehaeL, 
assure you that each product by "CARBORUNDUM" is the 
type of dependable abrasive tool you need for your job. 

But there is still more involved in the production of 
good grinding wheels, coated abrasives and special 
products. It is equally Important to get the particular 
abrasive combination best suited to the job. Your 
"Carborundum” Representative is the man to help you 
do that. And his efforts are supplemented by tbe Itnowl- 
edge of the "CARBORUNDUM" Abrasive Engineers. 
These are the men who have helped perfect a large share 
of the abrasive processes which have become standard. 
Tbe Carborundum Company, Niagara Falla, New York. 


THERE IS A PRODUCT BY 


carborundum I’edcral 7c/cp/ioiic and Radio Corpora tion 
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Captain /oAn Maynard and Jane RueeeU, Hoateee SnpervieoT, 
of Chieaao and Sovthem, dieptaying the Maintenance Award. 

*'FOft outstanding; maintenance performance and developments” Chicago 
and Southern Air Lines is winner of a trophy not lightly bestowed. It is 
the prised Maintenance Award of “Aviation.” This award is service recog- 
nition of the men who keep Z>ixieliners flying the Valley Level Bouts 
between Chicago, New Orleans, and Houston. 

In the establishment of maintenance records lubrication has a part. 
Chicago and Southern uses Sinclair Pennsylvania Motor Oils for safe, 
dependable lubrication of its planes. The Dixieliners have flown more than 
18,686.000 revenue miles on Sinclair Pennsylvania exclusively. 


PRIZED MAMENANCE AW 

to Chicago and Southern 
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. . . there's a heavy load on her “legs" 


ly^ORE often than not, this mighty dreadnought 
of the airways drops down on a distant “home” 
ninway that’s anything but smooth and desirable. 
The stress on the ‘legs” of a Superfortress is tre- 
mendous when its 120,000 pounds hit the ground. 

But, through the extra strength, light weight and 
shock-absorbing qualities of the seamless alloy steel 
tube construction of her landing gear, these wonder- 
ful bombers are juccessfvUy coming in from highly 


SHELBY 

iEAMLESS 




Shblbv Seamless Aircraft Tubing has contributed 
greatly to the safety, range and rugged ness of Ameri- 
can aircraft. Made of alloy steel that has high resist- 
ance to temperature extremes, abrasion, corrosion, 
fatigue, shock, vibration and wear, its structural 
superiority gives our fighting planes a decided edge 
in every theatre of this global war. 

All sizes and types of Shelbv Aircraft Tubing- 
made in accordance with government specifications 
—are available for engine mounts, wing spars, fusel- 
age struts, longerons, spar chords, vital parts of land- 
ing gear and other aircraft manufacturing purposes. 
An inquiry will bring specific information. 


NATIONAL TUBE 
COMPANY 

PITTSBURGH, PA. 



I X I r E D S I A T E S S T E E E 




(ears cn prswor «cp«ci.eac<»^' 
in the production of electronic 
equipment qualified us t^lSii 
sign, develop and producp air- 


Air craft maXk^facturers 
realizing the importance 

ci ' communication systems in 
dieir postwar, craft will find us 
fully competent to '^i^gn. en> 
gineer and the best 

that experience Cbn provide. 


craft ^ wnTTiiiTii<~a«f» n systesBs for 
the United States Governm^t. 
War work on which we are now 
engaged is further enhancuig 
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DOW (.‘OHiNJiVG, first in silicones, 
is fully equipped nith netr plant and facilities for 
Ir production and distribution of an expanding line of silicone products 


American industry has been quick to utilize the new Dow Coming Silicones to See the 

potentialities inherent in their higher order of heat stability, chemical inertness, %rater 
resistance, and dielectric properties. Dow Coining is now supplying, directly or duough 
selected distributors, the following silicone products: 


DC 


Woter-white, odorless, inert 
Silicone Liquids . . . notable 
for their low rate of viscosity 
change over a wide tempera- 
ture range, low vapor pressure, water repellency, 
and good dielectric properties. 


DD 


Insulating Varnish . . . lecom- 
mended because of its extreme 
heat stability for impregnat- 
ing, coating bonding, cmd 
wateipiooting inorganic insulating materials 
such as asbestos, mica, and Piberglos cloth, 
tape, and sleeving. Other special purpose 
Qnfj compounds are available. 


E 


Ignition Sealing Compound . . . an 
4 easily opplied silicone waterproofing 
compound having excellent dielectric 
^operties, corona resistance, and the 
consistency of petroleum jelly. It neither hardens 
nor melts at temperatures ranging fro m — 40° F. 
to 400° r. 


DD 


A chemically resistont Silicone 
Grease for lubricating stopcocks 
other ground gloss jointe. 


E 


Special Low Temperature Compound 
y ... on oxidation resistont lu^icant 
and sealing compound developed for 
use dt temperatures os low as — 70° F. 


DD 


^ A Silicone Greose that affords eosy 
opieration of lubricated plug volims 


E- 


A lubzicoting Silicone Gtieose for 
speciol applications in the tempeio- 
tore range of —70° F. to 190® F. 


over wide temperature ranges 
cult services. 


E‘ 


A lubricating Silicone Grease for 
qieciol applicotions where operat- 
ing temperatures range from 0° F. 
to 400° F. 


*OW CORNING CORFORATION 
MIDLAND, MICHIGAN 
At« IMGUiailS TO SOX 592 
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How UP-TO-DATE are Y<>u on ALUMINUM ? 



Norton cut-off wheels 

Cix>tZ<yy’7^ 



OuTTING-OFF by abrasive wheels is the 
modern way of speeding up operations and 
lowering cutting-ofT costs. Norton provides 
complete cut-off wheel service — resinoid, rub- 
ber, and shellac bonds; Alundum, Crystolon 
and- diamond abrasives. 



Because Norton engineers have a variety of 
bonds and types of abrasives to work with they 
can give unprejudiced assistance on all types 
of cutting-off and slotKng jobs — metallic or 
norr-metallic materials by dry, wet or submerged 
methods. 



NORTON COMPANY • Worcester 6, Mass. 

S«hr-M«Anii>9. Tray, N. Y. b « Norton Division 
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THIN SEGTION BALL BEARINGS 

solve unique problems 


Could the advaarages of fric- 
tioaless operadoa of ball bear- 
ings be applied co rudder and 
elevator posts, to control col- 
umns and otber .applications 
where motion was oscillatory 

This question by aircraft de- 
signers lead to exhaustive stud- 
ies of thin section ball bearings 
by Fafnir engineers. The result 
was a bearing which brought 
race depth and ball size into 
proper relationship for safe 
functioning under normal dis- 

The Fafnir B500 Series of 
Thin Section Ball Bearings are 
recommended only for inside 
iq>plicBcioas in protected areas. 

For applications on exposed 




surfaces Fafnir K-B Series is rec- 
ommended. Protected by cad- 
mium plating and grease diields 
these bearings are heavier than 
the B500 Series. They follow the 
conventional control bearing 
design and are available in eight 
bore sizes from 1.3130" to 
3.0630". 

Catalog showing ail details is 
available upon request. The 
Fafnir Bearing Company, New 
Britain, Connecticut. 

FAFNIR 

•ALL BEARIN8S 



1^6 orders 


For mof« thon 30 years Carlson custemers have hod reason to place 
their«lafrti in Ihe fMeKly. cd Carlson products. Today, in the ser^oe 
cf the armed forces, Carfaon^contnds ate used on the THUNDERBOLT, 
the CORSAIR end the CURTBK COMMANDO . . . providing, through 
perfect performance, d demon rtroH on of utter d^rendobility in engi- 
neering skiH and mechanical quolity. 






.WreOU* 
\\V»ot>d' o* 

p\osf‘CS 


L sbottovr 
on. rrrt" poir\t‘ 
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OSCAR F. CARLSON COMPANY 




Depeodable Electrical Eqaipment by Leece-Neville is in the Fight 
. with almost every U. S. Warbird 

' rMtMrfriMlIUvlMCt-NnMElNtiMEqWMt 


THE iCECE-NE>mLB COMPANY 
14, OHIO 


■ELAYS • PUMP MOTOIS 


•it.yk 






A«v«Y.weits etccTROHies. inc. $ 

«UTI0K, April, 1»46 



€it 60 ° ^etaea 


CLAMPS 


JEROME Alofion Picture CAMERAS 



JEROME ENGINEERING CO. 


nufacturers of Motion 
For Every P.tpose 


Pictj.'t ond Special Dotci Car? 
ind Photographic Equipment 


L.l. NY 
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COMPLETE 

is the word 
for Doak! 




f** North Amoricom ttU it. 

I new aMcliiiie ■ . .produces 
!«t appeaxing sdtdi, with 
bond between ifae sheets, and a 
■l^arengd) joint. Outstanding fea- 
Bgp ... ate lowered costs, good 
Bagch in joints, and the ability to 
I inttn maty dissimilar materials which hererof ore 
I pcesented problems.'* • Altogedier, Nordl American fitwi. 
a substantial savings in labor on many 3y actual 

time studjr stitches are being applied many rim— 

as fast as former methods of fabricating. • Morrisoa 
Aitctafc Metal Stitchers cut, form, pundi and eliwrii s 
ain&«oaced steel wire sdtdi in 1/S second. If yon 
Menble metals, fabrics, woods ot composidon 
materials by any other method, it will pay you 


X' 


■ When aircraft parts or assemblies are 
turned over to Doak for manufacture, 
the entire produedoa job is done right 
her^. For- the Doak plant is a com- 
plete, self-contained metal-working 
factory with all necessary processing 
departments. A "plus factor” at Doak 
is the long background of our key 
personnel in aviation ... all of who^ 
have at least 1$ years experience in 


airendt productioo. The result of 
these specialized facilides and "know- 
how” has been a source of keen 
sads&cdon to the prime «>ncractors 
we serve in die maintenance of vol- 
ume quality-production on schedule 
and in the development of many cost- 
cutting production short cuts. Doak 
Aircraft Company, Inc. Torrance, 
California. 


MANUFACTURERS OF COMPLETE AIRCRAFT ASSEMBlUl 


SCYtOlD DtVISION 
POTTER COMPANY 
F7, OHIO 


STITCHERS 


n«aw tend ate soar B ulle ti n .A-4S ^riag cnoplete Infaw 
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SELECTOR 

VALVE 

FOR AUTOMATIC 
PILOT 


5 MEN would straio and tug to move this load 
that's beiog hauled with ease by this 1 operator 
and bis Crescent NTW Tractor. And while the 
same S men were making one trip, this fellow can 
make several. 

Figure it out . . . and the answer is that tiectric 
materials handling with Crescent pays for itself 
over and over again ... year after year ... in sav- 


Crescenls on the "supply lines" that feed ycair 
productkai lines. 

TTie Crescent NTW Tractor is strong as an ox 
• . • easy to handle as a kitten. Turin steering 
wheel ctmstructicHi permits operation in ccai* 
gested areas and narrow aisles. The NTW is the 
•deal all'purpose tractor for warehouse, mill, rail- 
road and dock service. Get the facts about this 
tmctor and the entire Creecent line. Write today 
for free catalog ... or 6utline your materitU 
handling conditions tor specific recommendations. 


tngs fH manpower and ^>eed of handling. Put 

CRESCINT TRUCK COMPANY 


liaO WlHow St., LESANON, PA. 


Aaodtcr Eleetrot "first” th* new Selector Valve #291 for Anto- 
aaaric Pilot. Thta highly efficieat valve it a triumph in slide valve 
derign. Weeing oaty 22 eo., it is a unique on*off Selector widi 
a self-contained bleed for the rfischetge of all air fiom the pQot 
hydraulic system. 

Although barely out of its cradle. Two Eighty-one is beii^ 
a dopted by rise Armed Forcee in ever increaeit^ quanritiee. Write 
for detaile. 


'■"-^performance 



UCTtOt.lMCORPOSATtS, KINSSTONr NtW YORK • MTDRAUIIC IQUIPMINT #OS AIMRAPT 

^ELECTRaCr 

HYDRAULICS 
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I F SPACE requirements dictate a smali relay 
— and service conditions a powerful one . . . 
bere's the relay to fit your needs. It's the 
Automatic Electric Class *'S” Relay— dny in 
size, ligbt in weight, but dependable and 
packed with power. 

Class "S'* Relays have been designed espe- 
cially to meet the exacting conditions of serv- 
ice on fast, modern aircraft. They offer a 
combinatioo of features never before found 
on any relay, large or small. For example: 


«UtIOX, April. 1843 
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tAken during this war j these facte 

Pictures ti^*" ^f^er the war. ^ travelled thou- 
can he app_ aruma that -without loss 

p^ved by P*®^„der the severest product is ab- 

«,ods of mdte U ^ entente Vri-Sure Closures 

or damage drum equipp*^ indoors • • • 



Only THSun’m tml, plug ami 
Jlamga eon giaa drum« tha 
maa Tri~Sura twipla proMctlofi. 


For mfe, ae^taga • proof 
ariaa unHaraUoon diti ono, 

. protaotion. CLOStfRBS oparify**Tri^SuraJittaddi 

AMERICAN FLANGE « MANUFACTURING CO. INC., 30 ROCKEFELLER PLAZA, NEW YO 
TRl-SURE PRODUCTS UMITBD. ST. CATHARINES, CHOTARtO. CANADA 

3SS 
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10 THE EXACT ffOOT-POUND! 


: operadODS, ten- 
right is cridcally im- 
! tensioning 
> frequent cause 


a many assembly and i 
Moiog studs and bolts exactly i 
at. Distortion caused by i 
s puwer, promotes 
of mechanical failure. 

With Snap-on Torqometers even inexperienced scork- 
B swiftly and confidently tension bolts to the correct 
imt-pound . . . and on delicate mechanisms, to the exact 
"xb-youiiJ. As the worker turns the nut he tees the 
‘‘osioo increase — on the easily read dial . , , and 
>»ps at the specified pressure. 

Soapon Torqometers are widely used in aviation, and 
’’dier fields where precision in assembly and main- 
is essential to efficient performance. Totq- 
rs an available in a full range of sizes from zero 


to 30 in. lbs., up to 2,000 ft. lbs. Torqometers arc 
fully described in the new Snapnan catalog of 3,000 
modem hand and power tools. Write for your copy. 


SNAP-ON TOOLS 


CORPORATION 

KENOSHA, WISCONSIN 


i^mcrica’s leading aircraft makers have learned 
from experience that they can depend on the highest quality of 
precision manufacture in Hydraulic Research products. As a re- 
sult. during the past few years, we have turned out thousands 
of hydraulic devices for the nation’s plane builders— everyone 
of them a precision product— everyone in keeping with exacting 
requirements of the aviation industry. We are proud of the part 
we have played in building America’s war planes. 


HYOBAULIC BESEABCB 

jtaro Mjiarvrjierojiijro co. 

1500 W. VERDUOO • 5UB5ANK, CAtIfORHIA 
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These six feolures odd up to precision performance, high speed 
production, long lathe life ond more sofely for the operator. They 
explain why the name Logon stands for BETTER Lathes in every field 
of industry. See your Logan Lothe dealer or write for eotolog infer- 
matien on all models of logon Lcrthes. 


^•AN KNGINECRINO CO. 
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Ninety percent in time and economy’ I 

isexactlywhatthePotter&Johnttem I 

Machine Co. of Pawtucket, R. I,, I 
gained when they installed tb<k I 
Portagraph. I 

Their problem was one commoa I 
to the engineering profession todq: I 
— t r emendously increased demaa4i I 
on the drafting room concur red I 
with war-reduced manpower. I 

“Some of our machine traeinp I 
require 80 to 90 hours' rirawim I 
time’’, states Harold B. Soule, As- I 
sistant Chief Engineer. “The slight- 
est revisions meant 40 to 50 hom 
for complete tracings. Portagraph 
reduced this operation to- 4 or 5 
hours, stepping up production is 
these busy times ten to one.” 
Using the 40” x 60” Vacuum-Seri 
Portagraph, — available also is 
30” X 40” si*e — Potter Os Johnston 
immediately discovered another 
great time-saving. Eliminated were' 
the hour-constiming checkings for 
accuracy with Portagraph’s speedy 
reproduction of ink-like photo- 
copies of anything written, printed 
or drawn. “It’s surprising”, Mr. 
Soule says, “ how much clearer 
Portagraph copies are than the 
originals when we work from old 
worn tracings, transforming than 
into featherweight paper positiva 
for blue printing by means of Ports- 
graph reverse negatives.” 


DATA FOR 
ENGINEERING 


Th ink of saving 90% 
on revision of drawings ! 


THIS RED LIGHT SAYS "STOP!" 
TO ENGIHE FIRES 



sptto . . siwPiiory . kohoW 


R E M I NGTOr 





FREE— A helpful 20 -page book of 
practical suggestions — “How to 
Reduce Manual Tracing, Drawing 
and Copying”. Ask our nearest ^ 
Braitch Office for a copy. 


It glows on the instrument panel, warn- 
ing the pilot of the first trace of an engine 
lire. It’s the signal, not for a bail-out to 
escape a flaming wTeck — but merely for 
an easy pull on a convenient handle. In a 
matter of seconds, the fire is out! 

Simple, isn't it? Behind this sinipUcity: 
First, there's the Flame E>etector that 
spots the fire ... then, the Indi- 
cator Panel that flashes the warn- 
ing signal . . . the Control Panel 
(hat puts the fire-fighting system 


into operation . . . and the Fire-Extin- 
guishing System itself, which clamps a 
deadly noose of carbon dioxide round the 
engine. ..to kill the fire. 

And they’re all developments of Kidde 
engineering! 

They're typical of the many ways in 
which Kidde skill, applied to gases-under- 
pressure, is setting new standards 
of safety for America’s combat 
planes today — and for commercial 
and private flying tomorrow. 



PHOTOGRAPHIC RECORDS DIVISION, REMINGTON RAND, BUFFALO 5, N 


^ Y, KMd« 0 Company, lac. 


New TorlL N. T. 
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CAN 

PARTS AND MAINTENANCE SERVICE? 


The 

amazing 

copy-cat 


Like (be copy-cat, thi« machine has no ideas of its own. 
But diereio lies its tremendous value to mass production 
industry. It is one of Allied's duplicating machines— a 
five by ten foot Keller. From a master model, it is swiftly 
and exactly reproducing a propeller blade form in a 
piece of steel. And the copy will soon be turning out 
numl>erless, faultless airplane propellers as painstak- 
ingly. as deftly and as precisely ^ike as could a thousand 
skil^ craftsmen working a thousand times longer. 
This amazing Keller "copy-cat”, one of Allied’s eight 
duplicating machines costing well over a quarmr of a 
million dollars, illustrates Allied's policy of combining 
the finest of mechanical equipment with the maximum 
in «mi and experience. It is this rigid adherence to an 
ideal of quality in both equipment and craftsmanship 
which has made Allied a standard source of supply for 
many iiiais pio«tiii~cinn industries. And because of war- 


Mm WvM 

time expansion. Allied is quipped and staffed 
a greater range of service than ever. Anticipate ytn 
postwar requirements and check with Allied now. Sea 
blueprints for estimates or write, today. 


ALLIED PRODUCT! 

COBPORATIO 
Department 3t, 4«14 Lawton Avenue, Detreit •> Mid 


In Every Airport and Flying Field in the 
U. S. A., CANADA and MEXICO 

AEROLOG 

Will Have the Answer on 
PLANE, ENGINE and PROPELLER PARTS 

Aeroloq la not a moqazina or eotoloq: caries gg display 
ndvertisemeats. It la the ONLY EXCLUSIVE DIRECTORY 
OF PLANE. ENGINE AND PROPOSER PARTS. 


r 


AEROLOG— 4 Direttary of Plane, Cngiae and Propeller Parts 

HE STECK COMPANY 


It will contain photogrophs. basic data and poerta drawings; 
complete ports lists and ordering iniormatton; complete list 
el o f fi ci al distributors of porta for all planes, engines and 
propellers described in Aecoleg. 

Now, every airport and flying field op e rata in the U. S. A— 
Canoda and Mexico con quickly locate the nearest distribu- 
tor of parte for any plane. 
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H andling is believing. Get the Anger tips of your left hand on 
the control ring of a PARAGON Drafting Machine. The 
lightest pressure is all you need to set the scales at the angle you 
want, anywhere on the drawing board. Your ri^t hand is always 
free. For the full story of PARAGON features, convenience and 
handsome modem appearance, write on your letterhead to Keulfel 
& Esser Co., Hoboken, N. J. 

KEUFFEL &. ESSER CO. 
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“CONTROt OF THE AIR ” 
has a new meaning today 
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WHERE ACCURACY COUNTS 
Wet Seat Grinding IN-LINE and RADIAL 






YOUR PENNIES. 


machining 


IN THE PEACETIME COMPETITION 

With ths 00011119 ^ peaco a ratum to tho American 

W07 of producmg goods at a profit in highly competitiva 
consumer markets you'll have to be certain that every step 
from miticil blueprint and tool design, through the machin- 
ing, stamping and assembly line, up to packaging «*<««^ 
delivery is planned and executed with utmost efficiency 
and with the ininiTmim of cost. 

In the production of war munitions Oiljak has mointalned 
on enviable record of production of intricote parts and on 
time deliveries, in occordance with strict Government in- 
spection — and has actually reduced the estimated «itiH 
approved cost, thus saving the Government considerable 
sums, by skillful planning and supervision of tiie work. 
These same skills in metal manufacturing, improving de- 
signs and reducing costs are available to manufacturers 
as they convert to peocetime merchandise. It may transmit 
your penny savings into dollar profits to confer with us on 
any metal manufacturing problem. 

• STAMPING • WELDING • PLATING • FINISHING • ASSEMBLING 

At MAN UBACTURIR S 

IHE OILJAK MANUfACTURING Co., u 

MONTCIAIR. NEW JERSEY ’ 

THE JOB COMPLETE PROM BLUEPRINT TO FINISHED PRODUCT ■ 


How many Aviation Buyers 
do you see in this picture? 


For these four functioos ere closely related and inter- 
dependent. So closely, in fact, that it is almost impossible 
to say where one stops and the other starts. Operation and 
maintenance cannot ' function unless seared t og e t h er efR- 
eiently. And their requirements are the requirements of 
manufacturing orr the one hand — and distribution on the 

Throughout aviation marheting this pattern repeats itself. 
To igiwre it is to do less than s contfilete selling job. To 
concentrate on maintenance alone is to overlook the reason- 
for-being of maintenance. To cocwentrate on the manufac- 
turing market alone is to forget that the manufacturer 
serves the other functions. It is equally dangerous to con- 
fine your sales effort to operations or to distribution. 

That is tte “why”,of AWation's editorial policy main- 

dustty'a interiocking interesta. Each mosth Aviafion diiecte 
its editarlal content to the needs of rcaeardi. <<— » | f" enpneer- 
log and production —to the related needs of operation execu- 
tives snd msintenacKv eogirteers — snd to the needs of the'- 



FRONT VIEW l»ICn .Aacv.Ew 

USED FOR PRODUCTION TESTING OF AIRPLANE ENGINE HARNESSES 

THE ONLY MACHINE OF ITS TYPE AVAILABLE 


It will te>t individually each lead againit all others 
ar>d the harness shield grounded, starting with zero 
voltage on each lead and increasing smoothly and 
owtocnotically to the specified test voltage, which is 
held for the specified time interval. The voltage is then 
cut off and the mochine odvonces to the next leod 
where the test sequence starts again. This cycle con- 
tinues until all leads have been high-potential tested. 

After the high-potentiol test, the machine is changed 
to sequence test and then advances from leod to leod 
sub}ecHng each to a low-potential current test to deter- 
mine the continuity of the copper and to check awto- 
niulkuMy the correctness of each connection between 
the spark plugs and the magneto connector plugs. 

Durir\g the high-potential test, if a fault is encoun- 
tered, the test procedure ceases and a lamp and 



oddific 


•of inforn 


buzzer foult stgrral is sounded. Indication of whiek 
particular lead has failed is given by an arrow pointing 
to the lead number. 

If a broken or incorrect conrtectien is located during 
the sequence test, the test ceases and a lamp end bsil 
signal is given. 

All fouh detection portions of the circuit ore in dupli- 
cate so that a failure of ony portion of such circuit con- 
ctot give a false "o. k." indication. 

The mazimum test voltage which can be fumishsd 
is optional up to 50,000 volts, M cycles, or any other 
frequeney. Net a single harness that has basft 
tested on a JLE Tester has ever failed electricaly 
in service on a plane. 

> Church Sfreet, Powtuckef, ff. f. 


L-way selector valve electrically operated 


JAMES 

L . 

ENTWISTLE CO 



^ ■ • : 


Four outstanding features: (1) Flexibility 
of installation. Because this Volve is elec- 
trically operated, H is subject to remote 
control and can, therefore, be iqstalled 
where most convenient. (2) Efflclent.op- 
erotion. Delivers high holding power on 
low amperage. Actuated by a constant 
duty solenoid of dual winding type. (3) 
Can be designed for.high flow (GPM) 


without increasing load on solenoid— 
because this Valve is a balanced poppet 
type. The Valve os designed can be used 
'for pressures op to and including 3,000 
p.s.i. (4) Low voltage. The Valve oper- 
ates on 1 8 to 28 volts (Aircraft) but, with 
an eye to postwar use, can be furnished 
for 110 volts, AC. For more detailed 
information write Sales Deportment — 
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Dominion and American Air Forces carry 
out their job of work, Vokes Air and Ol! 
Filters are fitted and have stood up to the 

conditions in all battle areas. There 
are many types in use. Vokes Air and Oil 
Filters for Aero Engines : Vokes Oil Filters 
for Main Circuit Flitratlon ; Vokes Oil 
Filters (or Gun Turrets alto for Hydraulic 
Retractable Undercarriages. In aircraft 
factories Vokes Filters provide essential 
service for Test Bed Equipment. Vokes 
also manufacture Exhaust Silencers, 
Flame-Traps and Air Straighteners for 
Carburettors. 

Vokes are pioneers in the science of 
filtration. Today Vokes Air Oil and Fuel Filters are approved and 
adopted by British and Dominion Governments and are fitted for Aircraft 
of the U.S.A. You ask *■ Why ! ’* Simply because every Vokes Filter does its 
|eb thoroughly, filtering all the air and all the oil all the time. The matter 
of installation of these filters has a fundamental effect on their per 
formance and we design and make the special housing and ducting 
to give utmost efficiency. Consult Vokes oi 
filtration problems. They make every type of filter for 
all classes of Industry. 


FOR FASTER OPERATION OF BOMB BAY DOORS! 


VOKES BLTHATION S SltEMClHO 
CO. INCOKPORATEO. I«l. f*** 
AVENUE, NEW TOKK a VOKB 
{CANADA) ITD.. 1 113. *At STaKT. 
TORONTO, CANADA. 


« bomb boys warn enemy fighters that 
a “run” is starting, it’s essential that bomb doors work 
fast. Otherwise the foe will try hard for a kill, knowing 
the big Boeing B-29 won't try evasive action until the 
bombs are away. 

That's why it is important news that bomb bays 
on B-29s now open 15 times faster, using a newly- 
adopted source of lightweight stored energy . . . 
Cornelius air systems. 

Cots Tima From IS Soeortds to Vio of One SeconsI 

These trim little units are mere 10-lb. handfuls, yet 
each provides 1500 lbs. of pressure for operating 
Boeing-designed pneumatic bomb door mechanism. 
Doors now snap open in .7 of one second instead of 
the IS seconds formerly required. This means faster 
bomb runs, easier “tracking” by bombsight. and a 
quicker get-away. 

AM FOR DETAIIS abawr ethar n< 





For six years, pUoe passengers fomioate enough to ride in 
comfortable “U. S." Koylon Foam cushioned seats have arrived 
at their destinations rested, refreshed — always willing to declare 
the trip se e m ed to take even less time than it did. 

For the same six yeafs — half of them under the stress of war- 
time condidoos— air line operators fortunate enough to have 
equipped their fleets with “U. S.” Koylon Foam, found cushion 
maintenance requirements amaxiogly reduced— repairs and renova- ^ 
lion needs very rare, complete unit replacement almost unknown. 

When it is once more the time to merchandise your air travel 
facilities, convedleaces and comforts, “U-S.*' Koylon Foam will 
be from serving war and medical purposes exclusively. So 

make a date with yourself now to see to it that specifications for 
the planes you will add to your fleet, the present ones you will 
modernixe and those that will be converted for you, ioclnde 
**U. S.” Kt>yloo Foam cushioning and bedding. 

Prmgrm v. CSS l U l l Mr t. Smm^my S.eo m 4-'3^ E.W.T. 




UNITED STATES RUBBER COMPANY 


S*rv}n0 Through Scioneo 

1330 SIXTH AVENUE • ROCKEFELLER CENTER ■ NEW T 
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The 


DoALL 


Company 


A SUCCESS STORY 


The DoALL Buttress wot all reedy— de 
veleped in our loberntory, the most mod 
em in the world devoted to better eontou 
sowing end finishing of every moteriol. 


The Buttress went right to work In plonts 
making ports for plones, ships, P.T. boots, 
motors, jeeps, trucks, ormoments. 


VId-time sow men ore still amazed ot 
the performance and sow life of the 
DoALL Buttress, which requires no re- 
sharpening, but does continuous, good 
work until worn out. They won't believe 
the time saved by the Buttress when saw- 
ing not only non-ferrous metels, but 
plastics, laminates, plywood ond lumber. 
To convince yours^f, order o try-out 
bond today. Available at all our supply 
points. Mention the material you hove 
to cut and you'll get the proper pitch 
and width sow. 


Shrinking Time 

and Distance 




PISTON RINGS 
RVE TODAY’S COMBAT. .. 
TOMORROW’S COMMERCE 

Rcfioemenc of basic aircraft and en> 
giae design continues to create new 
records in the air. U. S. Suptr-Poti- 
lives are the product of a rigid quality 
policy ... to exceed wherever possible 
the requirements of the most exacting 
specifications. 

U. S. Super-Positive Piston Rings, pro- 
duced in quantity for war, will con- 
tinue to help set new standards of 
airplane and engine performance . . . 
of power and speed ... to shrink time 
and di st an c e in the commerce of peace. 
SPEED THE DAY-BVY VICTORY BOHDS! 


Use U.S. Super-Posili ves 

U. S. HAMMERED PISTON RING CO.. INC. 

STIRLING. NEW JERSEY. U.S.A. 



BUT THERE IS A WHAIeI 
OF A ’’DIFFERENCE” IN 
METAL FINISHING SUPPLIES 
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ANUFACTURINO CORPORATION 

enwity 4(«CIUFr ACCfSSOUR COIWOMTION 


'E’RE old haade at basic englneeriitg. From the 
e were amaU tty, it’s been our practice to 
own reaeuvh— lay onr own corneratones. 
a practice tbat’a bred nnnenal engineering talent* 
led to the development of uncommonly good eqnip^ 
0 This inberent sense of responsibility is 
one reason wby Alreon bydraulic and electronic 
equipment is widely need by the armed forces and 
many of tbe country’s major airlines. And reastm 
enougb wfa« Alroon bas shown a steady growth over 
its eig^t years of operation. ^ Airoois executives 
grew np in the aviation field; appreciate its possibiU 
ides, nndprstand its fntnre reqniremenls. Our engi- 
neers are partiruiarly well equipped to design what 
you want from the ground np; our plants to translate 
your postwar plans into finished products. Clad In 
talk it over whenever yon say. 


( • tsal w ssraa Psw> 


: H I c A a o 


KANSAS CIT^ 


I U R • A N K 
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Every 

MANUFAaURING 

Customer 

Will Benefit 


Industrial users of WILCO Prod- 
ucts will find the increased facil- 
ities, the new products and tech- 
niques developed by WILCO for 
war service of great advantage 
to their own postwar products. 

As the Hourglass indicates . . . with the 
coming of peace, many WILCO products 
now making for precision performance in 
airplanes, ships, tanks, guns and instru* 
menis of the Army and Navy will play an 
equally important role in meeting civilian 
needs for hundreds of useful and reliable 
products. 

The demand of all branches of the serv- 
ice for Thermostatic Bimetals and Electrical 
Contacts has motivated many WILCO de- 
velopments of great potential value to post- 
war industry. New products added to an 
already extensive line; increased facilities 
for refining and fabricating precious metals; 
greatly extended rolling mill facilities — 
these new additions and improvements, 
now devoted principally to the war effort, 
will prove equally nel^ul to manufactur- 
ing customers in meeting their peacetime 
production and marketing problems. 

WILCO PRODUCTS ARE: ContacU— 
Silver, Platinum, Tungsten, AUoya, Sin* 
tered Powder MetaL Thermostatic Bimetal 
— High and Low Temperature with new 
high temMratore deflection rates. Precious 
Metal Cmlector Rings for rotating controls. 
SUver Clad Steel — for bearinga, re- 

flectors. Jacketed wire — Silver on StteL 
Copper, Invar, or other combinationa re- 
queued. Rolled Gold Plate. Special ma- 

The H. A. Wilson Company 
105 Chestnut Street, Newark S, New Jersey 

Bre a che s ! - Chieago 

fSBA 


\ RHEOSTATS • RESISTORS • TAP SWITCHES 


9 new AN3155 lAN-R. Mel 


IHMITE 

'ea£atoftA 


USED IN AIRCRAFT 


( 


Ohmice Rheostats have long been standard on aircraft. 
Today, these new AN31 55 units provide new improved 
control protection and other new features. They assure 
smooth, close, dependable control under every service 
condition of heat, cold, humidity, altitude, shock and 
vibration. 

Made in 25 watt and SO watt sizes — linear or taper 
wire-wound — in various resistances — with "ofT-posi- 
tion” as required by the specification. Totally enclosed 
in a unique, corrosion-resisting metal enclosure. Lighter 
in weight than the allowable weight specified. Write 
for details. 

OHMITE MANUFACTURING COMPANY 

4T4fi FLOURNOY STRSET • CHICAGO 44, ILLINOIS 



"PITTSBURGH" DEVftOPMfNTS IN AIRPLANE GLASS 



HIS development is typical of the many 
“Piiuburgh” contributions to airplane 
glass and glazing. 

As a result of its concentrated research on 
airplane glasses, its unexcelled production 
facilities, and long experience in quality glass 
manufacture, Pittsburgh Plate Glass Com- 
pany has become the recognized leader in the 
development and mass production of airplane 


FOR R FLRIiB'S 
B1.EGTR1CR1. CIRCUITS 

Practically every U. S. and Canadian 
plane that fliea, in every theatre of opera* 
tion, is equipp^ with Klixon Aircraft Cir* 
cuit Breakers. These Klixon Breakers 
provide reliable electrical circuit protec- 
tion by preventing the possibility of serious 
damage from shorts or overloads. 

Should enemy action or internal troubles 
jeopardize the electrical system, Klixon 
Breakers trip-out the circuit just before fire 
or bum-out would occur. Tben when the 
trouble is remedied, the pilot reestablishes 
the circtiit by merely pushing a button or 
snapping a switch on the instrument panel. 

Klixon Aircraft Circuit Breakers are fopl- 
proof because harmless transient shorts do 
not cause nuisance breaks. They are ~im- 
aflected by shock, vibration, altitude, 
motion or climate. Write for bulletins giv- 
ing complete dimensions, ratings, and 
performance characteristics. 




PITTSBURGH PLATE GLASS COMPANY 

Specrolisfs in Airplane Gian 


MAKERS OF OUPlArf AND FLBXSEAL SAFETY GLASS AND OF MUITIFIATB BUllET-KESISTING 61^ 
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SetN«HI THUUKOtTAT COMSANT, AmiSORO, MASS. 








Teaching Natives New Tricks 


This gergeant’e job in India ie to secure cargo 
in Army Transport planes. He uses Evans Sky 
Loader equipment, which is so simple in opera- 
tion that he easily teaches its application to inex- 
perienced natives. 


effective tie-down equipment. Sky seats and othn 
Sky products for gliders and powered planes of 
every size and shape. 


To every fighting front cargo planes equipped with 
Evans Sky Loader carry vital war supplies . . . 
carry them safely and undamaged and, regardless 
of size or wei^t, without risk to the plane. In 
the picture a truck chassis is being secured with 
Evans rods and beams. 


The services of Evans loading engineers are ahaj 
available to airplane manufacturers and 
operators in the solution of loading 


srr eaooucrs m 




—Wide range of spindle and redprocat- 
ii^ speeds permits honing or large 

diamelers. Maximum honing capacity, 20" 
inside diameter. Maximum stroke, 72". 




esi loads. 

<>— Simple to operate. 

—Patented Fulmer Control System 
ees all controls at “door leval,** in front 


0— Patented Fulmer ‘‘Stop and Dwell" 
System permits honing up to internal 
shoulders or to the head end of blind 


9 Exclusive Fulmer Sump System 
lecis over 90f^ of the sludge. 


make of conventional bon- 


, D.,M,d C AiiEN FULMER COMPANY 

122S first Natienol tank Bldg.. Cincinnati 3, Ohio 


Since 1915, Evans engineers have specialized in 
loading equipment for all types of transportation 
on land and air. They look ahead confidently to 
new developments in these cargo carriers of the 
sky and will be ready when peace comes to supply 
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HONIHO MACHINIg • PISTON KINO LAPPIBS • SPiCIAL MACHINSST 



ACCURACY IN RUGGED MOVING IRON 
VANE AND DYNAMOMETER 


WESTON 


FREQUENCY COMPENSATED 
INSTRUMENTS 


Tbi« i* another WESTON contribu- 
tion bom oi war'* needa, wherein the gro wi ng 
uee of equipment operating in the higher 
power frequency range neceseilated instm- 
menta of broad fZezibiiity plua the rugged 
dependabiL'ty which moving iron vane and 
dy n a m ometer inatrumenta provide. 

And throtighout induatry today, the grow- 
ing uae of power frequenciee above 60 cyclea, 
with the amaller tranaformera, higher ape o d 
motora, aimpler rectifier filter ayatema, makea 


dependable indicaliona and for their economy 

Weaton ia fumiahing theae inatrumenta aa 
ammetera, voltmeters, and wattmetera, in both 
portable and switchboard types; flat compen- 
sated up to 1000 . . . 2000 . . . 3000 cyclea for 
general labMatory uae, aa well as for specific 
applicatian to electronic and power apparatus. 
Weston Electrical Instrument Corporation. 
616 Frelinghuysen Avenue, Newark 5, N. I- 


• NeMcst military cargo aircraft which is revolutionizing the movement 
of men and materials to the fronts in World War II is the Fairchild 
Packet C^. This twin-engined 23-ton giant has been nicknamed “the 
flying boxcar" because of its radical fuselage and great carrying capacity. 
Two huge barn-like doors at the stem permit heavy vehicles to drive in; 

In common with other tricycle Iknding gear craft, the C-82 has a nose 
wheel which, if uncontrolled, could shimmy violently and make landings 
and take-offs extremely hazardous. Houdaille engineers "doctoTed" this 
trouble readily with tlie Houdaille Hydraulic Shimmy Damper which is 
safeguarding the most famous American fighters, bombers and cargo planes. 

Just as the Fairchild Packet will find many peacetime uses, so will 
Houdaille's broad experience in hydraulics solve many postwar problems 
in the aviation, automotive and railroad fields. 


manufacturers op precision parts and equipment for the automotive... aircraft 

RAHWAY. . . MARITIME . . . ElECTRIC REFRIGERATION . . . RADIO AND OTHER INDUSTRIES 




BOUDE ENGINEERING DIVISION OF 

HOUDAILLE-HBRSHBT CORPORATION 

MAKERS OF HYDRAULIC CONTROLS 

BuHrU 11, Now York 
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April, 1945 
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Jjedaioifl . . . powdarvd 
brona» it Im aaabiiig 

flanged b*«tiiig«. || •Uai- 

pnridaa MltlubncatioB. 


^ Dasignen oi equipment end machinery often 
find that the addition oi a flange to an otherwise 
plain sleeve bearing not only solves the problem 
of end thrust but likewise simplifies the task of 
correctly locating the bearing in assembly. 

lohnson Bronze can supply flanged bearings of 
any type ... in any size ... to your most exacting 
specihcatioos. This includes flanges on one end 
or both ends ... in the center or off-center . . . 
made from cast bronze — in any alloy . . . bronze 
and babbitt . . . steel and babbitt ... or Lsdaloyl, 
powdered bronze. 

The easiest, most satisfactory method of de- 
termining whether you can use flanged bearings 
to advantage is to call in a Johnson Engineer. 
Permit him to review your applications ... to 
study the operating conditions. He will base 
his recommendation on facts, free from preju- 
dice. There is one located as near as your phone 
. . . Why not consult with him— TODAY? 


DISTRICT SALES OFFICES: AUanta - BosIob - Buitalo ' Chicago ' CmciBnaH - Clovslaad ' rt-ll— 
Dolroii - Kansas City - Los Angelos Minnoapolis - Ngwark - Kaw Castlo - Haw York ' Philadelphia 
Pittsburgh - Si. Louis ' San Francisco - Soallla 


PASriCUUftS OM tSQUlSI 


ATIATIOH, ip* ** 


JOHNSON 



620 S. MILL STREET 

'’‘*TI0N, April, 194B 


BRONZE 

NEW CASTLE, PA. 





WETORDRY Safety Walk 

Of* af*d 

The be*f guerentee of freedom from injurie* ceused by slips end 
fells eround eirplenes is e skid-proof wing walk of WETORDRY 
Safety Walk. During wet or icy weather crewmen enter and 
leave planet more swiftly and surely and ground men do their 
maintenance work with greater speed and assurance on skid-proof 
WETORDRY Safety Walk. 

WETORDRY Safety Walk it easily and quickly applied. Not 
affected by extremes of temperature, sun. rain, ice, salt water, 
gasoline, grease, vibration or shock. It it non-inflammable. 
Damaged places are easily and cheaply repaired. 


^WETOKDRT Ssfsty Wall >ith bacling factory - pracoatad with two 
•licatiaai of adkatira . . . aavai two-tklrdi of application tinio. 



3M 





used electric drills day after day 
says "Clark's my choice, boss" — 
give him a OarkI 

Naturally, ho wants the best . . . 
the easiest to handle ... the most 


MU 


COBRA . . . 


dependable drill availal 


And, hi 
tant yardstick vrben purchasing. 
Give him a beHer drill and he1 
produce better work . . . 


drills • grinders • sanders 



Jos. dorii/ Jr. Electric Co. 

612 Sergiw St-, IwisviSf^Cr- 

AVIATION, ApA **• 


• 1 1 '» a mere liandfiil this acuialur. 

prccision-builc by V. S. ITme. But it 
han to be johnny^m-tbe-Bpot with 
inetanlaneouH, depenrlable power. 

Jungle aimtiipa are often the lair 
of our fast and furious King Cobra 
fighter. There’s no room to spare. 
Each landing is a case of wing-flaps 
down in time ... or else! 


Tie Uoiuvt .Stale. '1’ime Corpo 
S.let* ileadquarlcm, 
kuriirfriln- Ontrr. 630 Piftb A 
Nrw Y.vk 20. N. Y. 


Flick a switch, and instandy the 
wing-flaps dbcy thin little XI. S. Time 
ai'luattw. With the speed of a robra’s 
strike, it leaps to 10,000 rpm . . . de- 


livers 1/8 H.P. smoothly, reliably. 

This miniature power plant is one 
of very many U. S. Time precision 
products used in most of our planes, 
warships and munitions. 

World's largest peacetime watch- 
makers . . . the largest precision in- 
strument makers in our industry 
. . . XJ. S. Time will soon be ready i» 
mass-produce precision products at 
low prices for postwar planes. 

We wtiaiM like lo bo of service 


oyoti. 


Gotpozaiiotv 


"UnON. April, ] 




DUGAS EXTINGUISHERS 

Charged with PLUS-FIFTY DUGAS DryCbemical 

This is fast-acHng prof*ctionfhat 
is YOUR scif«9uard against 
lira loss whon yev own a 
DUGAS EXTINGUISHER. 

RUDY SOR ACTION . . . Aigss units sre mobile, essy to 
hsmile end simple lo operate. They never freeze up in winter; 
never require periodic recharge . . . yet can be quickly re^arged 
on the spot. 


SAFE . . . die dry chemical rolls np a heat-shielding screen for 
the operator and at the same time chokes the fire ... it is non- 
tosic, non-corrosive, non-abrasive, and is not an electrical 


FOR EXTRA-HAZARDOUS NRES ... in flammable liquids, 
solids and gases, and in electrical 



flNSUL CHEMICAL COMPANV MARINETTE WISCONSIN 

□ UCAS DllISlON 


ast 



Are you faced widi 
a producdon prob- 
lem that requires 
quidc delivery on a 
special part? Our 
engineering service 
and our machines 
are both geared for 
hi^-speed produc- 
don. Ask us to help 
you — no obligation. 
Also, in most cases, 
you’ll find cold- 
forging to be more 
economicaL 
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Delco-Roinsr 

Aircraft Electricol Equipment 




Winging from bases on tha Atlantic coast, eleven flights a day head 
eostword toward Europe. Tronsoceon transport is corryirig urgent 
cargo ond military personages back and forth in a shuttle service 
that is no longer a rosy dream but a reality, presoging peacetime 
air transport of huge proportions. 9 Contributing to these flights is 
Deleo-Remy electrical equipment. Today fliousands of txan^orts, 
bombers and pursuit ships have Delco-Remy electrical units, pre- 
cision parts ond products made expressly for the aircraft industry. 
U The engineering and reseorch development that hos heen 
applied to this production will find a place in Delco-Remy ecjuip- 
ment for corgo ships, airliners and private planes of the future. 



DELCO-REMY 


‘VIRION, OINENAL MOTOKS CORPONATION 

*‘*noir, April, IMS agr 
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tor Upholstery ot the tuture... 


that does not support combustion 



UPHOLSTERY 


The difference of "U. S.” Flame-proof 
Naugahyde is that it looks no different after 
a year or more of wear. Light in weight, soft 
and pliant, it has a gristle-like toughness 
for high resistance to edgewear, scuffing, 
abrasion, wrinkling. Disinfectants and in- 
secticides do not affect ”U. S.” Flame-proof 
Naugahyde and the surface washes clean 
with simple soap and water. Flame-proof 
Naugahyde does not support combustion 
from dropped cigarettes or matches. 


Naugahyde do not come 
to you untried or mereiy 
laboratory teated. For 
■>-—g yeara 


claim for it proord 


UNITED STATES RUBBER COMPANY 

COATtO FA*RICS DIVISION • Mishawaka, Indiana vBF 
Serving Through Science 

Utttm t* "Scimc, Ledu Ftrmerf —mue r^i., ,/ isikx h rt. ^.r mtiiu */ Amrrice— 
m tht fUlkenmmuc-Symftemr frrgrrm. CBJ «rnnr*. Smart yt it E-W-T. 



The recently announced Fairchild Packet C-82, aptly 
"flying boxcar," is a versatile carrier ‘that can quickly load and take 
off with 18,000 pounds of trucks, troops or other cargo. That, we all 
know, is no small achievement. 

When the C-82's designers totaled the weights and found they 
had more than 12 tons dead load on each wheel, they called on 
Siunmerill to produce the special steel tubing for the main legs of 
the landing gear. We're proud to say that we did iti 


Aircraft engineers and designers have always turned to Summerill 
for seamless steel aircraft and mechanical tubing. In recent years, 
however, we have b oo n called upon more and more to produce many 
special items including large structural "squares," wall sections, 
and tapered, swedged and upset parts. Why not discuss your tubing 
problems with a representative from the nearest sales office? It is 
more than likely that he «~.«n help you. 

SUMMERILL TUBING CO.MFANY 


Safes Offices: 

Buffalo 

Chicago 

Cincmnof? 

C te vsfand 

Oo)'ton 

Dsiroft 

Horfford 

Newark 
Mihwoukoo 
PhHodolphia 
FitfAurgh 
Rochssfw, N. y. 


TIE CECOSTAMP ! 
METAL FORMING 


BRIDGEPORT • MONTGOMERT COUNTY • PBMHA. 


AVIATION. 


.‘'■'ATIOS, April. 
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CLEANS ALUMINUM 

RAPIDLY AND ^TPCone- EFFICIENTLY 


^y]et4/e^t 


KOEHLER DRAIN 

K1440B 
EASILY ADAPTS 
to 

YOUR DESIGN 


us hulp you tho KosMor Popp** 


FOR FAST DRAINING 
OF OIL • FUEL . COOLANTS 

1. DraUa* OR *lmm laRliw 

2. *nr Typo Oil »ro<* 
Vahra 

3. OralBlii« Oil Swp Taaks 

4. OralBiB* PmI Task* 

5. DralalaR CaaBaf Sy*«MM 



Manufacturers using DBOXIDINE have found that cleaned alominutp surfaces are ade- 
quate!;' prepared to retain a lasting protective paint finish without odier treatment. Any 
thin coating of aluminum phosphate which remains on the surface tends to protect the 
aluminum and to improve paint adhesion. 

It has been established that the deep etching produced by some former aluminum cleaning 
methods is unnecessary and undesirable — also that OEOXIDINE eliminates the danger 
from alkali and other injurious residues frequently remaining and practically impossible 
to rinse away from aluminum. 

DEOXIDINE may be used as a spray or dip or, for some applicadons, applied by brush. 

By the use of Deoxidine, economies in dme and labor, as well as superior finish, have 
been demonstrated. 

Full directions and best methods of applicadon for your particular use will be given by 
Technical Department if you will write in detail to Dept. J-4. 


KOEHLER AIRCRAH 
PRODUCTS COMPANf 

•14 VaniMet A**- DATTOR 4. 0H» 


AVIATION, Ayril, 


■AH U F ACT U R E R S OF INHIBITORS AND METAL WORKINC CHEMICALS 

AMERICAN PAINT CO. 

AMBLER J o LI InJc^ PENNA. 


"‘ATION, April, 3 


ra Ea<* S«A 1 m AneWw, C^ifonrio. 




CORTIS AIR CYLINDERS 

to Your Problem 


'The unique cur-dumping mecbanitm illustrated above is operated 
a Curtis Air Cylinoer which raises and lowers the car tody. It 

impine, is easily operated by one man, and speeds w 

Riaterial handling ror Universal-Atlas Cement Company, Hudson. N. i . 

Engineered to the individual problem in a variety of applications, 
whether a handling, lifting, pushing, or railing operaticm, Curtis Air 
Cylinders are stepping up prrauction ana cutting costs in hundreds of 
industries today. 




ir plant a_ 

ditions. Curtis Air Cylinders are giving unfailing service — the result of 
rugged construction and simplicity ot design — only one moving part. 

Exceptional accuracy of control — no risk of injury due to overloading 
or bad atmospheric conditions. Because of their emcieocy, low mainte- 
nance costs, and long, trouble-ftee life, important savings 
in costs and in man-hours are almost inevitable wherever 
Curtis Air Cylinders or Air Hoists can be used. 

It will pay you to write for full details and for free 
Air T« Rrinv iTserl in Your Industry.'* 


CURTIS 


ST. LOUIS • NEW YORK • CHICAGO • SAN FRANCISCO • PC»TLAND 

iWRTIS PNEUMA TIC MACHINER Y DIVISION 

I99S Kienlea Avenue, Sc. Louis 20. MUsoun 


beeklcc, "How Firm 

Ak It leiDf Uical ScRcc.. 

■sTewladettry." 




You may r«ly on u 
all problems attendant i 
the use of protective cquip- 
metit . . . end to supply a 
rial ond method to meet U, S. 
Bureau of Standards require- 
ments. Our engineers will sub- 
mit plans and speeifieetions on 
any problem of 


Among • 
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Cimtinentai Keti Seat Aircraft Ew^^ine . . . ultra-reliable 
parformance for training planes. For the ultra-reliability required in the 
engines which power America’s training planes. Continental Red Seal Engines are 
widely used . . . their fine performance sparked by 
Bendix-Scintilla Aircraft Ignition equipment. 


SCINTILLA MAGNETO 



eiVISION OF 


Bendix 


«lATION. April. 




Mow~~"W0fU’s SnmlUst Tnmshrmws” 
Can bn PrnJncnd tn Meet Ynnr 
Own ixa€ting Onsign Rnqnirnmnnts 


On* «f Hi*M n*w P*rni»fluK midgat Iraniformar 
typ*i may b* th* complat* an*w*r to your spac* 
or wolght problom. Avoilobt* un«hi*ld*d/ •hi*ld*d 
»r h*rm*Heally •*al*d, Hi*y previd* •xc*pNanol 
ep*roHng affici*ncy and uniform fraquoney ro*pon»». 
Th* »am* Pormoflwx *ngin**r* who d*v*lop*d 
tho«* frantformorv, using now matoriols and manu- 
facturing mothods, ar* roady to assist in designing 
a unit for you. Writ* for tMhnicol cotalog listing 
transformors, *p*ek*rs, h*adphon*s and oth*r 
Pormoflux acoustical products. 


SKYDYNi 

SANDWICH CONSriHKn 





roK UGHia, STsma 
AUaOHS 

£zom*n* a S^dyA* oiUroA ii 
tion, oAd rsA why il ' 

Noties, thw obiAACA of ortra 

ear* on whleh tho itrong ootor loywtd 
Stydyno or* lomlnolad. Vo«. wi 
woight. Skydyno h vlfeAoar I 
strongrti of Skydyno is ono of tha 





Plano porti (ortn-moldod by $1 
o smooth, •troomlinod, HvoM 

facing maloriol. Eioct dasig 
Hons, inchiding comploa shop 

of Skydyno surprisingly low v 


Skydyno aoronoutii 
Sondwich Construe' 




non Hiw Y0« 


0 


0 


0 

O II 

^i^fUAaSMVsrjZ 

pM^MUnitdtc 


They usod to bono bno bushing 

they had to step ond clean oat loft^ni abrasive. 
New they ftaisb.roam 41^ bushings par aiSnuto, to 
mirror.smooth finish apd close tolarancas. la only one 
oporationi Honing has boon completoty ailmlnatod 
end so hot tho costly wear on plug gaagos caused 
by abrasive UH over frem honing. With Ht 800*/. 
9'eatnr expansion range, the Lampao Dual-Spirai 
Roamor finishes many times the number ef hetos a 
conventional reamer does, la additien. its unique 
daa|.splral design produeas satin.smeoth Rahhes to 


10 times, and roplacod la lass than a 
a whan worn out. Right and laftdiand flutes 
H Moal for reaming smoothly ever kayways, 
split bushings, etc. Seed dafivery. Write tor 


SPfCf41 *N4»fERS OeSfHKO 
TO UIMT rOUH NffNDS 
SNW0 ■tUCPfllNTS 



W«in POfl PUU. DITAILS 


S4f7 tDIWMI R0U * UtFMU. MM 
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POR MODIRN • PAST • STREAMLINED 


Progre** is born of experience, and in the new. modern Circo "Chief" 
Oc0iea*er you get the moit advanced parte cleaning unit on the market 
— oeeigned. engineered and built by Circo Product* Company, pioneers in 
the manufacture of parts cleaning equipment. * The mod^n Circo "Chief" 
Degreaser fused with four dif^rent parts cleaning methods housed in 
the one unit, cover the complete range of scientinc. economical parts 
cleaning processes — vapor cleaning (automatic), spraying (automatic), 
soaking and dipping. • When parts are greasy and grimy, simply place 
them in vapor tank and in three minutes lime the pure solvent vapors 
dean parts thoroughly, rinse and dry them. Never, at any time in the 
vapor tank, do parts come in contact with anything but the pure, clean 
solvent vapors. Circo "Chier' will dean any and all type* of metal parts 
at the same time without any harmful effects. Solvent is non-inflammable 
and can be safely used anywhere, o To spray parts, merely trip fool 
pedal, pump goes into action, supplying a constant pressure stream of 
solvent. Unique basket enables operator to hook handles over side of tank 
while vapor cleaning, soaking, dipping or spraying. 

Circo "Chief h the most modern, fastest and most economical parts 
cleaning unit on the market. Send for more detailed information. 






IMPERIAL 


BARREL PAIIOT 


cut gears are made 
in our ultra modem plant from any prac- 
tical material in all practical sizes, (spur 
geors moy be cut in diameters up to 108 
inches) in any quantity, large or small. 
Trained personnel — extensive shop equip- 
ment necessary to do all types of special 
precision gears— lorge plant capacity as- 
the prospective buyer maximum results 
and productioninamountsof any proportion. 


Faucet closet automatically wM 
handle is released but cao be lease 
open or closed. Cat. Me. 0-2SI. 


AVIATION, April. 
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Buy War Bonds and 
INDUSTRIAL^vin^S 




1>ECAUSE every caster io the 
Bood line is an indmstriMl 
caster. Bond has no need to 
offer '*coDipcoause" solutions. 
Bood recommendations are 
always exactly right for the |ob 
— beonse Bond concentration 
on industrial casters permits 
Bood to design, engineer and 
produce casters to cover the 
entire range of materials han- 
dling reffuirements. 

There's a **volume of experi- 
ence” in Bond Catalog K-34 — 
because every caster listed in it 
was engineered by men with 
pracdcal knowledge of industrial 
conditions. Write for it today. 



arid hoovy dwty. Cwppad racawoyi aiavra 


BOND FOUNDRY « MACHINE COMPANY, MANHEIM, PA. 




Safely and Efficiently 


AVIATION, April I*** 


When military needs called for high- 
altitude planes, supercharged engines 
supplied the answer 


But supercharging had its problems — 
one of which was to get rid of the heat 


of compression. 

At first, heavy copper Intercoolers were 
Med. Then Harrison engineers went 
to work. They tackled problems of 
weight, structural strength, resistance. 


as well as heat dissipation. In 
son’s well-equipped engineering lab- 
oratories, experimental models were 
tested and re-tested under simulated 
flight conditions. 


Step by step, the eventual design was 
developed — the Harrison aluminum in- 
tercooler which contributes to the top- 
flight performance of many of our Army 
and Navy fighters and bombers. 


HAl^R^SON 


OH COOim • CONTMl VAIVB • RAOIATOtS 
MVEm* VAIVES • SUPEKHAMBI INTOCOOICB 

HARRISON RADIATOR division op GENERAL MOTORS, lockport, new york 


“UTIoN, April, 1B45 



ef^cR MAcs/tfme . 

sa/mm FOifORMANcsf 


Accurate in dimension— proved in/quality — Acme 
Permanent Mold Aluminum Castings are easier to 
machine, reduce the percentage, of rejections, save 
finishing costs on every part. And even under the 


exceptional strain of wartime service, parts machined 


from Acme castings have esublisbed a record of 
superior performance. 

For faster, sounder, lower*cost production, look 
into the advantages of Acme Permanent Mold Alu- 
minum Castings today. Acme engineers will be glad 
to submit recommendations. 


Mtw ACMi BOOK 
TBUS THC STOKV 


Send for new 44-pmgt, fiillr illuMreted book, 
sbowing how Acme ie oraenized end equipped 
to (apply your cestinar needs and to render 
complete senrice to the metslworkioa industry. 
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Itpayyto 

adaptab/e/ 




AIRCKAST STANDARD BARTS CO. 


I71S NINETEENTH AVE.. ROCKMID, lU 



WORM DRIVE 


HOSE 

CLAMPS 



Aflor Iho war. Crown Zipper engineers 
will adapt— or if necessary, crvtrte— spe> 
cial applications to meet special needs I 

A lot of old'fasfaioncd notions were exploded when 
Crown Zipper engitveets went into the held with out 
srmed forces to adapt zippers to military jobs. 

Crown engineers proved that zippers ran be big 
and tough yet easy to operate, small and dainty 
yet virtually indestructible! 

They proved zippers can be made that actually 
slide fieely around sharpest curves! 

They proved two or more sliders can be put on 
tlx aamr zip;wr track— Co provide openings at any 
given point with smooth closures in both directions! 

In fact, they made mote big, important improve- 
^ts in zipper design than anyone dreamed possible. 
(See complete list of Crown superiorities below.) 


But perhaps the most important thing they proved 
is that zipper desigcts don’t Jbave to be "frozen" 
—zippers can be adapted to the job! 

When you turn to postwar. Crown engineers will 
be able to show you exactly what this means in terms 
of longer zipper Ufe and easier opetation oa aircraft 
equipment. Crown engineers will adapt— or, if neces- 
sary, creore— special Crown Zippers to meet your own 
individual manufacturing prc^lemsl 



"DOUBIE-ACTINC- CROWN ami ON AIROMFr tSUN TUR- 
RET OPENS AHEAD OF CUN OFa4ING, CLOSES tEHMO IT. 



THE SPOOL COTTON Cl 


t, Neta Yarb, S. Y. (.Crow 
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S^WFETY in the air 
"UNBRAKO" 
INTERNAL WRENCHING 
LOCK NUT 


Fof primary cennectiem in aircraft, fha "UN- 
BRAKO" Irrtamal Wrenching Lode Nu+ it a 
superb and ofRcialiy approved safety ntrt. Two 
vulcanized fibre plugs (Rg. I) inserted through 
the body of the nut provide the locking feature. 
Fig. 2 shows how these plugs contact four threads 
of the bolt, assuring an absolutely dependable 


Our 100° Rush-Head Socket Bolt (A) and Internal 
Wrenching Bolt (B) fully meet the extreme degree 
of precision and perfection demanded by the 
aircraft indu^. Jhey are made to tolerances 

by our long and extensive experience in precision 
work. The intemai wrenching feature of these 
bolts facilitates compact designs— thereby sav- 
ing weight, space and money. 


with « 

LIBERTY 




LIBERTY 





Every business organization in the country has a chance now to render 
a patriotic service. In spite of all efforts to date, paper is still ' 
a No. 1 war material shortage. 

Your dead files, old records and correspondence — all the paper not actually 
usable again or necessary to running your affairs— that’s war paper. Turn 
it in to make bomb bands, supply parachutes, ration and blood plasma boxes. 

Make a point of regularly salvaging all old paper around your place. 

And adopt conservation as a general rule — use leas paper than heretofore 

use as little paper as possible. 

If you sell your waste paper, and your local organizations 
have arranged for aid to wounded veterans, it will give 
you real satisfaction to use some of the money for this 
purpose, or to support some other worthy community 
j>roject. 


mumm 


Business Men . . . 
DEAD FILES 
CAN HELP 
LIVE AMERICANS 



DIE'CUTTING of Booth fdt 
parts it a precision job ... often 
to lolemnces in thousandths of 
■n inch. Every die in the vast 
Booth stock is accurate. Each 
Boolh^esigned machine has ita 
(killedoperator.TothecontroIlcd 
qutli ties in Booth “prescription” 
Uls— made to euit your individ- 
BilTcquirements— add precision 
atting. Exact duplicating of any 
Utpart, re-ordered after a lapse 
<f time, is considered a feat. 
Booth does it coneistently. 

THE BOOTH FELT COMPANY 
m IM> Street Brooklyn, N. Y. 

NBBheiinon Street Chicago, Dl. 

4 frUC 4 TION at AST AND SAMfl^ 



CARBURIZING AND 
ANNEALING EQUIPMENT 
to Your SPECIFICATIONS 



A oeoiOol A 
■eebped e 
( 1m Ueh. 




THE PRESSED STEEL COMPANY 


Of WILKKS fiAHHi. I KNr.SYLVANIA 



STS 
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a/eve 
^ott»mcUicS=3/ 


This year we’ve got 
to make 2=3! We’ve 
got to lend Uncle Sam 
in 2 oh) mini almost as 
much as wo lent lest year in 3. Which means tha^ in the 
approaching 7th War T^oati, each of us is expected to buy 
a BIGGER share of extra bonds. 

'The 27 million smart Americans on the Payroll Savings 
Plan are getting a headstart! Starting right now they are 
boosting their allotments for April, May and June— so that 
they can buy more bonds^ and spread their biding over 
more pay checks. 

Our M a ri nes went over-th^top at Iwo Jima in the greatest, 
and hardest, battle in the Corps’ history. Now it’s your turn t 
'Ifour quota in the 7th is needed to help this war, side' 
track inflation, build pr o sper ity. Soi captmna of industry, 
plant your flag on top— like the Marines at Iwo Jima! 


CAPTAINS of INDUSTRY — here’s year 

tor IE sneeesaful plant drive* 

'it Gat year copy of llio *'7th War Loan C ea 
paay Qaataa" from your local War Fisa 
Ckairman. Study it 1 

"it Datanoiao yaur ^oota fto E Boada — 
badcboaa of ovary War Loaa. 

"it Arraaga for plaaC'wida ahowiagr of ”Mf 
Mrs. Amariea'*^— tha aaw Tramsury file 

"it Distributa "How to Gat Tbare” — • ■ 
War Finaaca Divisioa booklet azplaia 
Iba baaafiU of War Boads. 

•it Ciiaalata aavalopas for koaping bonds M 
•it Diaplay 7th War postara at strats 




nt a,*<iaowiadra/ wiih *ppr*ciM*om 

AVIATION 


r ib» smtpicn o! TreMiirry Dep^mms rad mv A^rrnitmt Cutaid ■ 
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"UNIFORM PERFORMANCE— A/woyi 
Leborstory teats alone do net provide 
ail the answers. From warfare condi- 
tions—on every fighting front— we 
at MURDOCK are learning many 
vital things about Radio Phones that 
will be of tremendous benefit in 
building still better equipment for a 
world at peace. 


When you specify MURDOCK for 
your headset, you are assured of 
supersensitive, bell-tone eleerness 
built into a rugged, shock-proof unit. 
Solidly made throughout with no loose 
parts. Cushioned comfort ar>d light- 
ness make listening a pleasure. 


In war— in peace — MURDOCK 
RADIO PHONES embody the same 
traditional quality and dependability 
that have made MURDOCK a leader 
in radio hearing performance for 

XQJrite for Qatalogue "Joday 


WM. I. MURDOCK CO. 

160 Carter St., Chelsea 50, Mass. 


SUB-CONTRACTS INVITED 

Lat us help you an Radio Phonat 
basis. Your assiqnmant handlad snth 
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CHECKED! 
by STARRETT TOOLS 


A 

R 


THE L. S. STARRETT. CO. 

WorlJ" s Too/moA*r« 

Fncnioit Too/s . . . DM . . . Grovn^ Hot SfecA 

Hocttawz . . t4*tal CtrM/s« i andmwi . . . Staaf Tept 
ATHOL. MASSACHUSrm. U.S.A. 


Co:- ■'gRj.u.iCiSy 

■£a?:/i:C' -300-5,= 
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Single Boli 
Assembly 

OH MOOfL UCL LIVII 
SWITCHIS SPCCD CHASIS.TO. 
RAHIL ASSIMILY ON lUO 
TIONIC A COMMUNICAT10W 
EQUIPMENT 


This «vci«sli 



The "Midgef 

MODEL MCM 

has it too!! 


THE SAFEST LIGHT 
IS 



'^eoi'tevM 400 

"Pratt to Test" 

INDICATOR LIOMT 


oi^l flying Searic VM 
400 I n dka t of Ligfacs give (he 
WCR light -shadow light. 
TV pilot-, vi,ion it COM. 
Wrm.V UNAFFECTED by 
■V light. Ray diffusion is so 



■'<■1 ASRO INDUSTRIES, INC. 

'TIOX. April, 


pcan. Only a Searte has this 
patented feature. Ocher Seaxle. 
exclusive*; volume U^n for 
daytime flying, ^uidc bulb dis- 
charge by slight finger-tip 
pressure, coostruccioo which 
permits use of screw-base or 
bayonet type bulbs. Write or 
wire for full details. 


ORANGE, CALIF. 



Alrptona mngittp ond porfs manwfoctvmrs worn 
' up DGointt it for e groosoproof wroppor to pre> 
voiM Gorrooion. Angior of Frominghom preducod 
it in INDUWRAP, s^ieh hos moro ihon met ony 
>r drown for a Grodo A. Typo I 


If you hovo o corrosion proWom, enk for 
somplos of INDLTflfRAF and for doscriptivo foldor, 
''Tho Tosieh of Death to Stool." YovTI be espe- 
cially intorostod in INDUWRAPS oxdusivo infused 
Inhibitor meWl-contocting surfoee. This kUls corro- 
sion boforo it starts by dopesiting o transfer film 
on the exposed metal spots, often coused by 
breok* bi the proto c l i vo off fHm. 

Other important feoturo* ore that INDUWRAP 
is creped to S-T-R-E-T-C-H. It lets pnrkoQert metal 
broolho. It h soft and pliab l e, molding eosily to 
hug odd shoped ortieles tnuglv — without ruptur- 
ing. Inve s tigote INDUWRAP. 




AngIu Corporation 


Lfaamingham. Massachusetts! 





FOR AIRPORT 


WATER 
FUEL OIL 
GASOLINE 
ALCOHOL 


LUBRICANTS 
HYDRAULIC OIL 
CHEMICALS 
GASES 




WELDON 

FLUID METERING 

PUMPS 


‘'"‘OS. April, 1946 


READY 

3^ve- 

Elation, 

Throughout American history when a real 
■eed arose, a man or an organization has 
been ready to cope with it. Eixpress ship>- 
png is an organized service originated 
106 years ago to meet the demands of 
those times. Since then, through peace and 
**r, Express has promptly adopted every 
Kicntilic advance so as to be ready for the 
nitionii^fi^anging shipping needs. 

Today the major part of the unprece- 
dented volume of Express, both by rail 
«id air, is connected with the war effort. 
This wartime transportation experience 
«id new handling techni'ques will aid in 
nation’s postwar commercial shipping 
tf^lirenle^ts. 


Weldom Pumf Emg it$ a un yomr , 

mamirtet »m prohtems mtmitmg 


ACCURATE METERING 
OF SMALL VOLUMES of 


Inc* 


...lobuiMo BDMBEB 


BMMOINO IS OUR BUSIMKSS . 
SWAN ENGINCERING COMPANY,f 










• No wonder tlie pc>pularity of tlus 
threader has spread widely. The speed 
and ease with which it cuts clean pei> 
feet threads on 1" to 2" pipe are rea- 
sons enough. One set of high speed 
steel chasers threads all 4 sizes — and 
they set to pipe size in 10 seconds! 

Workholder sets instantly! You’ll like 
other work'Saver features of this rug- 
ged steel -and-malleable die stock— ,tamds 

it pays you to try the self-contained bamjUy tvba. 
No. 65R at your Supply House. you tcami it <•. 


PERFECT THREADS 

with surprising 
ease and speed 

with this self-contained 

N0.65R 


WORK-SAVBR RIPB TOOLS 

THI liieOE TOO! COMPANY • ItYllA. OHIO, U.S.A. 


SS8 
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EASY ACCESS TO 


WORK AT ANY HEIGHT 

CcMMedjJ^I 


TELESCOPING 

ROLUNG WORK STANDS 

EXTENDED POSITION 


THE PATENT 
SCAPPOLDING 
CO., INC. 

M DairtM M., CHICAOO a. M. 



Airplane parts, often so herd to get at, 
are made easily accessible with "Gold 
Medal" Telescoping Rolling Work Stands. 
They are rolled on hea<ry duty casters, 
and height !s adjusted with a geared 
elevating mechanism operated by steel 
cables. A removable guard rail encloses 
the 4' X 6' platform, which raises to 6' 
(from 4‘) and 14' (from 8'). Ask for cata- 
log giving range of heights. 


ON THE BOARD 

Johnny Gear has taken his place along 
with the planners — getting the blue prints 
ready for the gear you will want when 
Victory has come. 

Check widi Diefeodocf now — 
on gear production facilities. 

OiefeBrierf Gnr C«rp., Syriem, Ntw Ytrk 

die-fc nciorf 

GEARS 



ADDRESS? 


Changed 
your 

Let us know so that we can keep > 

copies of Aviation coming promptly. § 

TO: ClreeletleB Bept.. Avtetlee 3»0 West aSed Street. New Terk H- N. T. ^ 




DANLY 











TO MANUFACTURERS SEBaM 
AN EXPORT MARKET 


operations in foreign markets is 
seeking additional lines of impot- 
Cant American producers of atii- 
tion instruments and ei^uipmeor 
for distribution throughout the 
Orient and Latin America. 

Head sales olTice for Latin 
America is established in Buenos 
Aires. Prewar connections in the 
Orient will be immediately re- 
established when conditions per- 
mit. Sales agencies under guid- 
ance of experts experienced in 
each market. 

If you are seeking dean aggres- 
sive representation write us details 
of your products for both imme- 
diate and postwar selling. If in- 
terested we will have a l^ie- 
sentative call on you for further 
discussions. 

AVIATION BOX <i 

e/e M POST ST. 

SAN FRANCISCO 4, CAUI 


.AVIATION. April, 



Roiling 
along, 

J 'a'nss'ffisnaiig 

siting. , 

BKIGUTBOY TUFF-TSX — 
Taivher textnre for SaiMhiag 
iarder nutaJs. 


BKIGBTBOY FINB-TSX — 
Smoothar, finer taxtura; for 
apaaial iaisbaa oa aaftar aatala 
la place of the coarser wfieal. 


Fap A Oae-OperatloH Jels 1 m 

lURRING, FINISHING, POLISHING 

Rabber-cuahioned Brigfatboy abrasive prodocta 
bridge the grind-to-boff gap in close-tolerance fin- 
■bing and polishing — on aided, dural, aluminom, 
aiialeas, monel, brass, bronze, copper, silver and 
pleatics. There are THR£C Brightboy textures, each 
onluoned” and precision-controUed hy Bri^t- 
boYa resilient rubber binder. 

II yon have never seen a Brightboy finish, it will 
b« a revelation to your. Ask your distributor for 
®"gl>lhoy production literature, prices and catalog. 
Adc Brightboy field representatives to show yon an 
“ample of a Brightboy finish and also to suggest 
Rvdnction shott-cuts to better finishing. 




The Amperite Thermosutic Delay Relay affofdi unfail- 
ing prolection to vitally iinponant tubes in planes, ships, 
submarines and numerous eShec a^lications. These 
relays prevent possible damage to tubes when high 
voltage is impressed on cold plates. Hermetically sealed, 
unaffected by weather or pressure, the relay provides 
delays, from i to 120 seconds, between the time the 
circuit is closed and voltage is applied to the plates. 

Calliflex temperature-responsive Bi-Metals and Callite 
sealing.in wire are specified by Amperite Callifies is 
available in five types, offering a wide range of work- 
ing temperatures. Send for Bulletin No. IS) for valu- 
able technical data and suggested applicatirms. Callite 
Tungsten Corporation, 54) Thirty-ninth Sueec, Union 
City. New Jersey. BratKh Offices; Oiicago. aevelaod. 



FOR W YEARS PIOSEEKS IS TUSGSTES MECALLURGY 


The exciting story 

of the helicopter 

— and of the men who 
made it possible 

T his book glvn jrou the fact* op one 
of Ae most interesting and significant 
developments of our time* — the helicopter. 

possible parallels the eacitiiig work of the 
Wright Brothers. Morris^ who was chief 
Teat Pilot for Sikorsky Aircraft during the 
three most eridcal years of the helicopter's 
development, believes that this rotor-topped 
craft that can take off straight up, stop 
and hover. By backward, go sideways, 
straight up or down, and even turn around 
on a Vot, is the answer to tomorrow's 

Jut! FmHithmd! 

PIONEERING 
THE HELICOPTER 

fiy C. L. MORRIS 

With ao Introduction by IGOR L SIKORSKY 
UI pmft, Sii tt I, iUmtIratrd with pfie/OfrapAr, tt.fS 

timely, thought-provoking book will pul you straight 

dapredated helicopter. Here it the development of the first 
soccessful helicopter in the Western Hemisphere, the first pro- 
duedoD helicopter in the seorld. Here you will watch the 
evolution of the helicopter from that first unwieldly model dubbed 
'Igor's nightmare” by the skepdev into a craft so stable and 
mtrolUhle that it was adopted by tbc U.S. Army. Wovbn 
into it all are the courage apd tenaca^ of a man whose name 
will always be synonymous with helicopter, Igor Sikorsky. 



MAIL THIS ON-APPROVAL COUPON 





RH I P HUFTO METAL DISINTEGRATOR 

M HI A Rerolutionary Method for removing Embedded 

WRENCH ^ 


olhertool! Remainalocked 
to the srork with bands re- 
moved. Holds anything, am 
diape, with a grip that nev.. 
alipa. Is actually Hand-Viat 
Cuunp, Super-Plier, Adjusu..,. 
End-Wteoch, Pipe Wrench, Lock- 
•>«* Toggle Press— ALL 
ONEI Light, trim, ^ndsome. Made 
“ " "'tcplated. 2aues— 


of fine allm 


Sold through tool iobbtrs and deaUrt. 

KTERSEN HF6. CO., Dipt. V-4, OsWitt, Ntkr. 



BURKLYN 

Instant Release Hinges 


# la the prodoctwHt al 


# la the test divtstoa . . . foe 

Removable instrumeac pnneb^Inmcttoa COV* 
«(*— Spocsal acccai deecc. 

• In new pfodnet designs... for 
Removable hoods ««««* boiuuigt— Di 


Wrim foe tporlfimiioai and i-T-~r*T*V data so 
9429 Gtendole Mvd., Loe Angeles 26, C^. 



and work pieces you formerly 
icrapped because of embedded tools if you have a 
Drafto Metal Disintegrator. Frequently it pays for 
Itself with the first day's work. 

No metal with electrical conductivity, not even 
UDgKcn^arbidc or case hardened steel, is too tough 
UrDrafto. It operates through the action of a rapidly 
timing electrical arc, without excess heat or pres- 
BDC. You disintegrate openings the size and shape of 
ihe electrode without harming finished surfaces. 

The “Head” (sketched below) is chucked solidly in 
> drill press, lathe, or other holding device, and the 
track piece is clamped firmly to avoid movement. 
Disua^ration takes place only where the electrode 
tomes in contact with the metal to be worked on. 

Dnfto Metal Disintegrator is 
taed to remove broken taps, drills, 
fluds, and pins; and to form open- 
ings in hardened steel. Other uses 
w being developed daily. 

It is made for llOv. or 220v. 60 
cjtfc power. Be sure to specify 


vhkh 
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Dfafto Metal Disintegrator rc- 
I'd™ no lengthy training period. 

•inyooe can use it. It comes to 
I* “^lete, ready to go to work 
w l®5. Manufactured by Drafto 
^*poraijon, Cochramon, Penn'a. 

“pwentatives in key cidcs. 

Vrite, wire or phone for bulledns 
“d details. 

Rtpresentatives in key cities. 

****ISS INQUIRIES TO DEPT. A 

WALTER J. GREENLEAF CO., 

Distributors, PHtsburah. 21, Ponn'a 

«UI10N, April, 1945 



made easy, fast. 



LECTROETCH 
ELECTROLYTIC 

STENCIL ncmNG PROCESS 

The Lectroetch Electrolytic Bench Unit 
is one of the most popular parts marking 
units on the market due to its speed 
in marking, (a matter of seconds), its 



S86 



How to pass t/ie CAA exams 
on curplane and engine mechanics 
oymr 3,000 questions^and answers 
— evry phase of practice and theory 



Jiut PublUhed! 

Questions and Answers for 

AIRPLANE AND ENGINE 
MECHANICS 

CampiUJ mtd by AVIATION RESBABCH ASSOCIATES 

e—pMlam wk^ Ot Sugi tf Iht ACADEMY OF AERO- 

NAUTICS. THB CASEY K>NES SCHOOL OF AERONAUTICS 
* tVi. II $4M 

H ere are direct teiti of practical kaowledEC baaed on the 
reqwreeacata of the CiTil AcrODaucica Adminiatratiao 

ceeticiE aad prepariDR both atudenta aod individuala to take 
their U. S. Govenunent leita for ecrtificatioa ai airplane and 
engine rnecbaaiea. The book can be oacd bF the reader to check 
bia knowledge aa be atudiea the aubjecta for aoF or all of the 


t diriait 


for anideota, working m echini ca, apprendct 

Cevvrs s«ch •ss«ntiol topics os- 


>nd other 



BIG oncti 
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BOMBERS 

LOST! 


THROUGH HEAD 
AND £Y£ INJURIES IN 1943' 

29.700,000 man da^s were lost in industry due 
to bead and eye injuries alone. Stop this waste 
a manpower and money with proper safety 
|m>tection. Look to Sellstrom specialists for 
iimerior products — light weight, cxrmfortable 
HKguards a worker will not remove. Our No. 


not interfere with wearing of prescriptioi 
(Ueaes. From your job- 
MT or write duoct. 



MANUPACTURING C& 



Uf a Drilling Unit That 
Anfomotlcolly Controls 
Food Roto! 


HAVE YOU 

MOVED? 

lyon'va movod rae au tly or ora planning a 
let ns know now so that copies of 
AvioBon will cootlnuo to bo doUvorod to 
TVS pno^tly. Uso this eoiqaon or a penny 


AvIetloB attfaacrfptloa 



AVIATION, Aptfl. 1» Utiok, 



A NAME TO REMEMBER . . 


“Par" 

Packings 


rnoxtmufn pressing 
force produced. 

This thoroughly dependable seal, fretn zero to peak pres- 
sure/ is attained by the precision design, exacting production 
methods ond meticulous inspection of Linear "Por” packings. 
Manufactured from six compositions/ each for a specific 
service, these packings ore selected by designers of a wide 
variety ef the most modem hydraulic equipment. 

Sample packings sent upon request. Engineering con- 
sultatioa resources of our testing loborotbries and facilities 
for the complete design of the hydraulic unit itself are avail- 
able. Keep Linear in mind ... it's a good name to remember. 


PACKING & RUBBER CO. 





3 

BETTER GRASSES 



tested EOR 

,T,n» 


THE BELT SEED COMPANY 

INC. 

OF BALTIMORE 


MANHATTAN 



IRECISiON 


protect men and equipment 
en werld»wide airways 

Engina Mcnmto, Hof, Radio Toidag, 

Good actions tor Pusb-iod Coaar Saalsj Aii Is. 
taka CoBBacttoBS, Englno Baffla Saals, UoUad 
Rnbbar Parts and many oUiat MAHRATTAH 
Rnbbar Prodncts p rota ct man and aquipowBL 
Natural and syuthatic rubbar prodncis, spatially 
anginaaiad to maat spacific a^Ucatioas, isolala 
▼ibration, ratist* action ot aromatic tuai, oU. sL 

availabla ioi coo- 

sultation witb aircraft ang i naars. Writs for infer- 

MANHATTAN PSOPUCTS UMD IN fABUCATWH 
'saa Ab Hoaa Coova yor Salt 


Abraifva Whaab 


...INWARD 


^AS IN PEACE 



OK over 30 years, Eureks has been 
electric motora to the hi^mt standards of crafts* 
mmhip and preciaion. Today, control motors such as 
ilii'aK used on the fighting planes of the United Nations. 
Tosocrow, they will help to broaden the skyways of peace. 




UOHTER.STKONGER 
MORE ACCURATE 

TU-MI-CO TUBULAR cnn- 

strnction of special homogene- 
ous grain stmctnre steel is 25 
to S0% lighter than solid frame, 
yet highly shock resistant. 
Triple plated — copper, nickel 
and chrome. More sensitive feeL 
easier to use. Low thermal 
conductivity — combats 
‘Svalk’* in measurement. 

indie with 



Solves tlie Prafelen of 
Moiling list Haiotonanco! 



ScGm-UH PnlUm Ca.. be. 

OIKECT MAIL DIVISION 
330 Wart 42nd St.. Naw York 10. N. Y. 



KRANE EAR Swing Banal MaWfe 

, FOR AVIATION 

Vsad la prodoeOoa el airplonM . 


moving oad r o uiimi gtng ptednrtfen 
mofiL raw matoriola. otc.i for boUdlm 
tanoBco and ropalr. 

\Vrift for Cbtolog #W 


FITZGERALD 

GASKETS 

FOR AIRCRAFT ENGINES 

GASKET CRAFTSMEN FOR 39 YEARS 
Writ* tor loformofioff 

m FinBOALD MANUFACTURIN6 COMPANY 

TORRINGTON, CONN. 

IRANCHES CHICAGO AND LOS ANGELES 
CANADIAN FITZGERALD. LTD.. TORONTO 



AVIATION. 



''SINGLE- 

RELEASE” 

Harness 


UNITED NATIONS’ FLYERS 

are using it far 

SAFER LANDINGS 


A one-hand turn and a tap on the single frontal 
disk instantly releasee the harness . . . leav> 
ing the dyer entirely free. Accidental release 
is impossible before disk is "set” for action. 


All United Nations’ Air Forces for years have 
nsed IRVIN as standard equipment . . . and 
now the Irvin "Single-Release” harness is 
acknowledged as superior for all landings. 
IRVIN, aa alwavs, leads in Safety. 



IRVI9TG AIR CHUTE CO., Inc. 

Main OIBeec IG7G JeHerMn Ave.., ■■■«!• S, IV. Y. 

Comptele Faeuries in Buffalo, .V. Y„ GUndaU, CaUf„ (ISOO 
FUncer St.), and Lexington, Ky„ V.S.A. — Canada, England and 
Sweden . . . All Serving the United Nationa' Air Forces. 


SSI 





mhafs going to happen in z^fmationT 



What do you think? 


S.'S'w™'S"h"S";E." Sd'ij™*.' k“;'"™ “r‘.ria 

STnd^‘rE'r,x■~^:d”":;sr^ 

i?3llP»:ss= 

McGRAW-HILL PUBOSHING COMPANY. INC 
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pilERS^^ FOR EVERY NEED 



UTICA- 
TOOLS 

'^lo^'Poo£ 

UTICA Ptier* and Adjuatable Wrenchc* 


ARNO 

TUBE SEAL 
No. 700 



A ww, quicker, more reUeble metfiod for 
I Mliac aU aizes of cubing. Made to cagi* 

I **trM pacteros with fiber disc and special 
I adhesive. Easy and quick to apply. 

I be removed in an instant, no residue. 
^tittjor tamples and price lists of 
drw ‘tkie Seaa and Indmstrial Tapes 

I mho adhesive tapes, laa 

MICBiejIil eiTT, INDIANA 



WITH STRICTEST 

C^are 





KESTER CORED SOLDERS 




FOR YOU 


AND YOURS 


The SUPERFORTRESS— fastest of 
Bombers i s a dramatic example 
of America's ability to out-de- 
sign, out-produce, and out-fight 
the enemy. Vital parts of the B-29 
are being made better and faster 
with Niagara Presses and Shears. 
The complete range of sizes and 
capacities provides the most pro- 
ductive and economical machines 
for shearing, blanking and form- 
ing operations. 

Write for Bulletins. 









AVIATION’S AAARKET PLACE 




ADVERTISERS IN TBI 
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SASY OH MEMi 



EASY OH THE POCKETBOOKl 


Ibtnd driving screws into garnish mcdding is slow, hard 
woric. But as long as ha used slotted screws, this worid« 
famous manufacturer of automobile bodies didn’t dare risk 
power driving. Driver skids came too hig^ — and too often! 



A change to Phillips Recessed Head Screws ruled out 
driver skids . . . permitted use of power a% 

eliminated one operation involving coimtersunk wasbsn. 
All of which added up to substantial cost-savings! 



BAEV OH EHOiMEEHiHOi 


EASY OH THE EYESi 


Fl..y on asMmblytnen . . . eny on the pocket book . , . 
Phillips Screws are kind to Design staffs, too. With 
Phillips, engineers can build product strength and rigidity 
up to specifications slotted screws just can’t approach! 


Besides being strength-builders, Phillips Screws are alw 
great little sales-builders. They help dress up any product 
... do away with unsightly burrs that snag clothing and 
make an otherwise sweet piece of merchandise look sour! 



In the Phillips Recess, mechanical principles are so correctly appli 
that every angle, plane, and dimension contributes fully to screw-^vi 
efficiency. 

. . . It’s the exact pitch of the angles that eliminates driver skids. 

. . . It’s the engineered design of the 16 planes that makes it easy to apf 
full turning power — without reaming. 

— It’s the “just-right” depth of recess that enables Phillips Screw Hea 
to take heaviest driving pressures. 

With such precise engineering, is it any wonder that Phillips Sere 
speed driving as much as 50% — cut costs correspondingly? 

To give workers a chance to do their best, give them faster, ess 
driving Phillips Recessed Head Screws. Plan Phillips Screws into Jt 
product now. 


PHILLIPS SCREW 

WOOD SCREWS • MACHINE SCREWS • SELF-TAPPING SCREWS • STOVE BO 


//if 


the engineered recess 


Mod* In off edmn, fypm and hood wiylas 



400 


AeMrIcM S«r«w Ce.. PrevIdMee, R. I. 
Atlentie Screw Werks. Hartford. Caen. 

Tka Brtstal Ca.. Watarkory. Caaa. 

Caatral Screw Ca.. Chicaea. III. 

Cfcaadicr Praducts Carp.. Clavalaad. Ohia 
Caatiaantkl Screw Ca.. New Badfard. Masa. 
Tke Carbia Screw Carp., New Brltala. Ccbb. 
GwMral Screw Mfp. Ca.. Ckieaea. 111. 


The H. M. Harper Ca.. Chlcapa. IB. 
lataraatlaaal Screw Ca.. Datrait. Mick. 

The Laaisaa A Setalaas Ca.. Clevalaod. Okie 
Maasracturan Screw Pradueto. Chlcapa. 111. 
Mitferd Rivet aad Machlaa Ca.. Mllfard. Caaa. 
The Natlaaal Screw A Mfp. Ca.. Cleveland. Okie 
New eapiaad Screw Ca.. Keaaa, N. H. 
Parker-Kalaa Carp.. New Vark. N. Y. 
Pawtackat Screw Ca.. Pawtuckat. R. I. 


Pheall MaaufaetnriBB Ce.. Chieawa. Ill* 

Readine Screw Ca.. Narristawn. Pa. . — . 

Russell Burdsal I A Ward Balt A Nut Ca.. Pert Caww. n 
Scevill Maaafactur<ae Ca.. WaterviliA Caaa. 
Shakepraaf lac.. Chlcapa. III. m 

The Saifthiaptan Hardware Mfp. Ca.. 

Tha Steel Canpaay af Canada Ltd.. HawiRek 
Walvariae Balt Ca.. Oetrait. Mick. 


aviation, Apa. • 


